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Abstract

Collaborative-Networks (CN) have experienced a fasgtlution in the last two decades. The
collaboration among independent entities or pradesds supported by Information and
Communication Technology (ICT) has attracted theeaech community to establish the
conceptual basis for this scientific disciplinenee Orientation has been one of the key selected
paradigms for that conceptual basis. Nevertheldnss,service concept itself does not have a
common understanding in the Business and ICT worldsthe former, client satisfaction,
resources management and business process moglagnae example concerns, whilst the later

deals with interoperability, remote function caljiar communication protocols.

If for example an enterprise provides some senitcenay hire specialists to wrap such
service into web-services, expecting to reach wadd potential new clients. In fact, nowadays
Web Services and Service Oriented ArchitecturesAjS&e the technological elements most
commonly used. However, these are passive elernrettie sense they do not perform any action
towards pursuing business interests, which conetita limiting factor from a business
perspective. Another approach for the above meaticenterprise is to follow the Multi-Agent
Systems (MAS) approach, as the pro-activity is ywaad in such contexts. Nevertheless, as
MAS approaches are not so commonly used and natast yet, the worldwide potential set of

new clients is reduced; which also constitutesniibitor factor from the business perspective.

This dissertation proposes a Pro-Active Servicegsistem Framework, gathering
inspiration from both the SOA and MAS research syréying to bridge the business and ICT
worlds through the base concepts for the creatioma &ervices’ Ecosystem where business
services are represented in a pro-active mannearttsaypursuing business interests, like finding
collaboration opportunities or improving the chan@ach CN member has to see its services
selected among competitors, for example. This vatsk includes a prototype system applied /
validated in the area of a Professional Virtual Gamity of Senior Professionals.

Keywords:

Collaborative-Networks, Services-Ecosystem, PravkcEervice Entity
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Resumo

As Redes Colaborativas (RC) tém evoluido bastaateuitimas duas décadas. A colaboracao
entre entidades independentes ou profissionaisorswga pela utilizagcdo de Tecnologias de
Informacdo e Comunicacéo (TIC) tem atraido a codade cientifica para estabelecer a base
conceptual desta disciplina cientifica. Uma aboedagorientada pelos servicos tem sido
escolhida como um dos paradigmas chave para esta dmmceptual. No entanto, o proprio
conceito de servico nao colhe um entendimento comosrmundos de negdcios e das TICs. No
primeiro, satisfacdo dos clientes, gestdo de resurs modelacdo de processos de negocio sdo
alguns exemplos de preocupacdes, enquanto no segandoco esta em questdes de

interoperabilidade, invocagéo remota de fungdgsrotocolos de comunicagéo.

Se, por exemplo, uma empresa fornece um determirs&tieico, pode contratar
especialistas para criar um invélucro para taliserutilizando Servicos-Web, esperando atingir
potenciais clientes num mercado global. De fa@cdualmente, os Servicos-Web e as
Arquitecturas Orientadas pelos Servicos sdo os egltan tecnoldgicos mais utilizados. No
entanto, um dos maiores problemas destes eleméntosua passividade, no sentido de nao
executarem nenhumas tarefas perseguindo objeaamegdcio, facto que constitui um factor
limitador da sua utilizacdo numa perspectiva dedoieg Outra possivel abordagem para a
referida empresa é a escolha de uma abordagenstéen&s Multi-Agente (SMA), uma vez que a
pro-actividade é uma palavra chave nestes conteMm&ntanto, uma vez que os SMA néo séo
téo utilizados e ainda apresentam problemas dest&hw conjunto de potenciais clientes a nivel
global é reduzido, facto que constitui igualmenta factor inibitivo numa perspectiva de

negocio.

Esta dissertacdo prop8e umReo-Active Services Ecosystem Framewaonspirada nas
areas AOS e SMA, tentando estabelecer uma pome@ntnundos de negdcio e das TIC, através
dos conceitos base para a criacdo de um Ecosistensrvicos onde servigos de negdcio sdo
representados de uma forma pro-activa, com o dbjedé perseguir interesses de negdcio, como
procurar oportunidades de colaboragcdo ou aumestdripdteses dos servicos representados
serem escolhidos, por exempo. Este trabalho iaghgia um sistema prototipo aplicado / validado

numa Comunidade Profissional Virtual de Séniores.
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1.Introduction

This chapter points out the main problems addregsélis dissertation. At a glance, the static matbms
that current information and communication techmgyoapproaches use for modelling the services CN
members provide do not actively represent suchicgesvRather, they focus on interoperability issties
although constituting key technical aspects, docopte with CN members expectations of an actinacser
representation towards business interests. The tehagtarts detailing these problems as the basefHer
identified Research Questions and posts the hypisthef such active representation of CN members’
services. The followed research method is shogbcdbed, as well as the Active Ageing applicaticza.
The chapter ends with a description of this dissgerh structure.

1.1. Motivation Towards the Research Question

The usefulness of the Internet for enterprises diepsionals, namely in terms of the revenue that
can be extracted from it, depends, to some exterihepactive usage these actors make from such
resource. If for example a given enterprise createlapage to show and sell some kind of
products or services, the medium/long-term objectiainally is an increment of the sales of
such products or services. Nevertheless, this webpddeast in a classical form, is a passive
element. In fact, the web-page does not perform aoyagtive action in order to attract more
visitors. In other words, the initiative remains on thentl&de (or on the search engines). If the
client does not visit the web-page, nothing happens. Furtre, for the client to reach this web-
page he or she must also have the initiative of usingesearch engine and, if that page belongs
to the result of some search criteria, hopefully heherwill click the link and finally reach the
mentioned web-page. Although some actions can be pwtbby the enterprise, the web-page
element itself does not perform any dynamic action to awgithe chances of belonging to the
results of such search criteria or being selectebetalicked among the result links. To some
extent, this can be considered as a gap between theegsigiarspective or expectations and the

traditional approaches offered by the Information @dmmunication Technology (ICT)
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counterpart because the mentioned technological elememist perform an active representation

of the business interests.

The same gap exists in the services area. The unuldirgieof the service concept itself is
quite distinct in the two worlds as highlighted in (Chesbroagtli Spohrer, 2006; Horn, 2005;
Maglio and Spohrer, 2008). From the business sideg saimthe main concerns are related to
meetings with clients, the client satisfaction, resoumtesmagement, marketing strategies or
business process modelling. From the Information amdranication Technology side, although
the developments around the service concept have gdheedattention of the research
community, the focus has been put elsewhere. Intembiity issues, remote procedure calling,
information exchange formats and standard interaction golst@re some example elements that
gained the ICT research community attention. The inexisteft a common focus or intersection
between these two perspectives is what constitutes tmdiomed gap between the views of

services in these two worlds, namely ICT & Business.

If, for example, a company is willing to provide sonervices through the Internet,
probably it will hire some specialists that can wrap sefvices into web-services. The objective
of that company is to achieve a worldwide potential Eeew clients that somehow can call such
web-services. However, these technological elementgam®ve entities in the sense they do not
perform any action to attract or find new clients. In otherds, they stay still waiting for a client
initiative: finding and calling the web-service. Furtherejothese computational elements are
designed with a focus on a remote procedure calling #ng especially addressing
interoperability constraints, rather than other aspibatsa business perspective needs to tackle,

like the client satisfaction, resources management, grotirers, as mentioned.

On the other hand, companies and professionals tesgketalise themselves in order to
get a privileged position in the market. This trend waioduced by the globalization, where the
obstacles based on the geographical location, or destaave been strongly reduced. As a result,
companies and professionals started to compete at a dloflaiown” level, instead of the
traditional “well-known” local market. Based on theseexs$p, a new trend has emerged, in the
last two decades, taking advantage of computer netaridse establishment of partnerships. As
a result, the Collaborative Networks (CN) scientific fielb risen, as mentioned in (Afsarmanesh
et al.,, 2004; Camarinha-Matos, 2007; Camarinha-Matas Adfsarmanesh, 2005; Camarinha-
Matos and Afsarmanesh, 1999; Katzy et al., 2004).al, festablishing partnerships among
independent entities in order to gather distinct competearadshare risks is not a new practice.
But the usage of ICT tools and mechanisms is the factir ftilitates the emergence and

operation of CNs, and thus supports this scientific plis@. Complementarily, ICT brings new




1 - Introduction

support to other perspectives such as the managereontoacts between the CN members, for

example.

When a CN member finds a business opportunity thatinegmore skills or competences
than the ones it is able to provide, this becomes abaslition opportunity and it will try to find
such skills in the network it belongs to. Resorting todbikaborative network infrastructure, the
process may be straightforward; assuming the data bBlaitasuch infrastructure is up-to-date in
what concerns the availability of CN members. As a teawvorkflow model may be defined and
a set of potential partners, or CN members, may be sglécterder to perform the needed
services. From the perspective of those CN members the¢ Imot been selected, the
technological elements that represent their competenceskiks have also frustrated their
expectations because they did not perform any aatiwartls being selected for that collaboration
opportunity. As a desirable scenario, the CN infrastinectould be conceived as a business
Services Ecosystem, in which the members of the netwothdabe modelled by computational
entities that could actively represent them, maybeiredy an “ambassador-like” role. As a
result, collaboration opportunities could be addressedighréhe usage of proper ICT tools and
mechanisms, which would more adequately satisfy thaéss interests and availability of each

CN member, according to some configuration made byntleatber.

One additional problem of current technological approaiché¢he fact that they consider
services as independent elements, even though theyeraptided by the same entity. In other
words, if one entity provides service X and service ¥ iithese two types of services are needed
in some specific collaboration opportunity, two queries #aditionally made to a service
repository, trying to find out potential providers for eas#rvice. The possibility of getting
integrated proposals is not considered and, as a réswiing the same provider selected to

provide two distinct services within the same collaboratigportunity remains a coincidence.

This research work addresses the above mentionedepr®bin the collaborative

networks context, as summarized in Table 1-1.
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Table 1-1 - Problems addressed in this research work

Limitations of current ICT mechanisms

Business Interests

Passive representatiof services tackling

Remote Procedure Call

Information Format

Interoperability

Interaction protocols

Active representation of services tackli

Resources management

Business Process Modelling

Client’s Satisfaction

Quality of Service

Marketing initiatives

q

Service-related computational elements
still waiting for a client’s initiative, both tg

find and call the service afterwards.

t&ervice representatives should not stay still wgifor a
client’s initiative and rather behave towards fimglinew
clients or improving service selection chances,

example.

Service Catalogues may become outdat&etrieving potential partners’ outdated info leéala less

when some providers become unavaila

even if for a short period.

plefficient response to a collaboration opportunity.is
thus important to identify potential partners trere

actually available.

Discovery and selection of service provig
mechanisms consider services as indepen
entities, even though two or more services n

be provided by the same entity.

€fhe reduction of the number of partners to be ivedlin
danCollaboration Opportunity is likely to reduce ts0dn
nayder to do so, there should exist mechanisms @ptim
consortia with fewer partners, as some may promidee

than one service.

for

In a metaphorical way, this dissertation intends to dmut to the creation of a bridge between

the business world and the ICT world, in a context eheollaboration opportunities are

addressed through the composition of the servicesélhiatad CN members provide, so they may

address a wider range of business oppo

rtunities, shekiltgyand risks.

Therefore, the main research question may be stated a

Rese

arch Question 1

Is it possible to create a collaborative servicessy/stem in which the members of a

collaborative network are modelled by computatioglaiments that actively represent

their business interests, inspired by an “ambassditte” role?

Additionally, based on the client perspective and thmvgrg demand for quality of service

within the context of partnerships introduced by the @ollative Networks, and the assumption
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of an active representation of services made by samputational elements, two other research

guestions are identified:
Research Question 2

What could be an adequate Quality of Service (@sSg¢ssment mechanism that benefits
from an active representation of the services feihmembers, towards providing

accurate and up-to-date data for clients to chooestveen competitor proposals?

Research Question 3

What could be a suitable mechanism that wouldpaly of the service composition

processes on the computational elements that &ctigpresent CN members’ services?

Obtaining effective answers to these research qusstiilhlead to the possibility of creating a
computational environment where service representatiorade in a non-static manner, behaving
towards business success. In order to clarify the mgpects included in these three research
guestions, as well as the objectives of this researck, Wable 1-2 highlights the key words or

elements of each one and includes a brief clarificatan.

Table 1-2 - Clarifying the research questions' kegnelas

Element Brief Clarification Note

R.Q.

. an environment, based on the service concept evtiee CN

members get support for collaboration purposes$erathan a simple
market ...
... an environment where the computational elemdvaisrepresent th
services provided by CN members, may behave likbaagsadors that
actively represent the interests of whom they epeasenting ...
... business success is considered as the major thoalthe creation
of computational elements oriented towards thigeation is strongly
desired ...

create a collaborative
services ecosystem

active representation of
the services

represent their business
interests

new Quality of Service | ;" based on the above mentioned active represemtatiservices an
y . the actual QoS demands from clients, a new QoS amesim needs to

assessment mechanism ;

2 be built ...

providing accurate and . avoiding outdated information that service cagaks may have,

up-to-date data namely concerning the availability of service padaiis ...

... relying part of service
composition processes 0
the computational
elements that represent

. if computational elements represent servicesnnaato-initiative
nbasis, acting as ambassadors of CN members, thamould be
reasonable to give them some extra tasks, likeifgelthe service
composition processes, even if only a partial dbation results from

such services ...

that.
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1.2. Hypothesis

Based on the identified research questions and thdicdéion made, the main hypothesis

adopted in this research work, including some elemeons fhe proposed solution, is stated as:
Hypothesis 1

If the representation of services offered by Calaltive Network members is made using
elements of Pro-Activeness, these enterprisesggsiainals or organizations can benefit
in terms of the chances they have to see theitiabikelected and a better fithess
between them and the clients can be achieved.r@pissentation can then be built upon
an aggregation construct (including distinct seegan entity can provide) and
embedding behaviours towards finding new Businggs@unities and promoting the

represented Services, all in an auto-initiativeibas

This hypothesis highlights two key elements addressetisndissertation: Pro-Activeness and
Aggregation of distinct services from an entity.

Based on the research questions 2 and 3, two othetheges are also suggested:

Hypothesis 2

If a new Quality of Service Mechanism is createxed on distinct QoS characteristics,

that can benefit from an active service represémtatorming QoS Criteria it might be
possible to feed up a collaborative Services Edeaysvith QoS data that may help

finding the best match whenever a choice has todde between two competing service

provision proposals.

Hypothesis 3

If a service modelling framework based on activagotational elements is created, it
will be possible to delegate part of the resporiisi$ of service composition processes

on such elements.
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As mentioned before, clients demand more quality oficer In order to comply with this
demand, hypothesis 2 can be extended asking cliepiarticipate in the QoS Mechanism, using
QoS Criteria to express their satisfaction concernimgicse provisions. This evaluation would
also feed up the QoS data stored in the Services Ecosystéant, nowadays whenever someone
buys services or products, it is typical that he orwbeld appreciate to know the satisfaction of
previous clients. Storing this QoS knowledge from cligvitsnaturally improve the existing QoS

assessment mechanisms.

Concerning hypothesis 3, the inclusion of active repriegives of the services offered by
CN members can help the service composition procedskegating parts of these processes on
them, such as finding business opportunities or biddingxtirey collaboration opportunities
according to a pre-defined level of autonomy. In atreexe scenario, or for some application
domains, computational elements may evolve towarddlimgn all the preparation of a

collaborative work, while the human role is reservecctfiguration and monitoring aspects.

Finally, if the active representation of services is ingpoe some form of “diplomatic”
representation (services represented by some kindnobdssadors” in the services ecosystem)
other functionalities may also arise from that fact. Egample, if a service representative
somehow finds out that one service it represents coulddedao a business process model being
built, with a clear benefit to the final client, it may take thitiative of suggesting the inclusion of

this other service in such business process.

1.2.1.An Application Case - Senior Professionals PVC

The above mentioned problems can be identified inrakvedustrial and services sectors,
involving enterprises, other not for profit organizationsree-lancer professionals. One area that
particularly illustrates these problems is the area of atipg the extension of the professional
life of Senior Professionals (SP). In this context, sepiensons have the asset of a life-long
experience and, in many cases, the willingness to cengiming their contribution to the society.
In fact, many senior professionals, either by econon@sams or simply by a desire to continue
involved in the socio-economic system, want to remadative, even after retirement.
Nevertheless, they do not benefit from an adequate emnvéoin that could foster their

contribution.

The organization of these persons around ProfessioinaiaV Communities, providing
them the needed computational means to continue their gottessional life after retirement

follows a global concern. In fact, as science evolveseireral areas, like health-care, longer life
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expectations also evolve. As a result, the existingeragnt model is clearly becoming obsolete
and a trend for after retirement work is happening in ncamtries in the world, as mentioned in
(Cheng et al., 2007; Collom, 2008). The demographidsdgowards an ageing society are also

putting unbearable pressure on the pension systemd wails for a new look on the life course.

Within this context, an example activity that already keysp supported by senior
professionals associations is the consultancy and niegactivity. In fact, the talents attained in
such life-long experience are an asset that older pelpde to share, namely in the

entrepreneurship field.

In a foreseen scenario the Senior Professionals (SP)penemf a PVC, would have
access to computational entities that actively represerbtisiltancy services they are willing to
provide to entrepreneurs. In such scenario a third aatiogr than the SPs and the entrepreneurs,
would also exist - an Intermediary or Broker. This aetould be responsible to establish the
bridge between the other two actor kinds. In a firagst an entrepreneur could ask for help
interacting with such Intermediary, when he or she isdimgl a new business. Then, the
Intermediary would be responsible to create a wowkftoodel, identifying and including the
services that the entrepreneur would need. Next, the letgany would launch a Call for
Proposals within the above mentioned Services Ecosy#téerwards, in a second stage, the
representatives of each SP services, that would alwayshkcking for new collaboration
opportunities, could try to match the expertise of & they represent and the service needs
included in open Calls for Proposals. In a success tlhse$SP service representatives would
create and post a bid for the SP to be the one provigirolp services. At the end, the
Intermediary, along with the client, would select the Hiust best fit their needs. Figure 1-1

shows the main stages of this process in a diagram.

ltlme Entrepreneur Intermediary Intermediary
expresses high- == createsServices’ ==»  posts Call for
level need Workflow Model Proposals
Service Service
Representatives M’- Representatives
match-making post BIDs
Entrepreneurand
Intermediary select
best BIDs

Figure 1-1 - Foreseen scenario simplified process diagram
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It is important to notice that the computational resourepeesenting the services offered by each
SP would be a supporting tool that the SP would configurdimstglace and that would actively

represent his or her interests, namely:

1 - finding collaboration opportunities where the coroesiing services could

participate;
2 — improving the chances for the services to be selaotethg competitors;

3 — after the collaboration agreements have beenedanbtifying the SP when he or she

should start the service provision and receiving “tasietiootification from such SP.

This application scenario will be used along this dissertatiss a way to help identify

requirements and as part of the validation process.

This application case has been established based oexpezience of three senior
professionals’ consultancy associations: APC®\sgbciacdo Portuguesa de Consultores
SénioreY), Share (Associacdo para a Partilha do Conheciméntohttp://www.share.gt and

SECOT (‘Seniors Espafioles para la Cooperacion Téchicdnttp://www.secot.orfy A close

contact has been established with these associationKingesu valuable inputs for this work,
particularly the case of SECOT that participated as a pairinthe European funded research
project ePAL (extending Professional Active Life).

1.3. Research Method

In methodological terms, this research work followea tinaditional research method, as
represented in Figure 1-2. This figure is, howeveinglified representation as various iteration

cycles are needed among some of these steps.

1 Define Research Question / Problem -
Test Hypothesis

2 Background / Observation

J 6 } Analyse Results

3 Formulate Hypothesis
Publish Findings

4 Design Experiment

Figure 1-2 — Traditional Research Method steps
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Definition of the research question / Problem

The definition of the research question is one of thet inggortant steps in research. Typically
addressing a topic where things are done in a waythkatesearcher somehow thinks he or she
may do it in a better way. Beyond the main researcistique other related research questions
may also be added. In the case of this research, wotk the research topic selection and the
identification of the main research question evolved thicaijong iterative process. At a later

stage, two extra research questions were also identfsatientioned before.

Background / Observation

After the focus problem has been established, and sleaneh question(s) identified, the next task
is to study the state of the art in the research area,lbasnsther related research areas. This step
of the research method can result in a rewinding of tloeess back to the main question
definition or simply result in minor improvements.

The result of this process in this particular researatkved to a shift in the positioning
of the original research topic. In the beginning, theusowas placed in Service Oriented
Architectures (SOA), but after this study of the stédt¢he art, and an analysis of the research
work performed by the multi-agent systems (MAS) reseamnmunity, our own research work
was better located somewhere in the borderline betweawthworlds: SOA and MAS.

As mentioned before, what distinguishes this work fréheoservice oriented approaches
is the introduction of an active representation of therises that CN members are willing to
provide. This active representation will benefit CNnmers in pursuing their interests while

participating in collaboration opportunities.

Hypothesis Formulation

The third step of this process is the elaboration ofpgmmoach to address the above mentioned
problems, foreseeing a solution and formulating a hygsigh In the case of this research work,
although the main hypothesis has also experienced &tieno the initial idea was that somehow
an active behaviour element should be added to the conopaiaservice constructs. The
business perspective was also present from an e@de,sas a major “driving force”. The
hypotheses concerning a new quality of service méstmaand the business process modelling,
partially relying on the active computational repreatimes of services, came in a later stage, as

well as the corresponding research questions.

10
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Design Experiment

“Design an experiment” is an expression that suggeste chemistry with some smoke around
and explosions, from time to time. Nevertheless, $kép of the research method is crucial in
order to clearly plan how the hypothesis will be testadthe information and communication
technology area, the typical tasks in this step are thigrdes prototype systems and identifying
application scenarios. The concepts and models crbateth are the ones that will be tested and
hopefully extended in future work. The case of thieeech work was not an exception and this

step involved the design of a logical architecture foptio®f of concepprototype systems.

Test Hypothesis & Analyse Results

Testing the hypotheses that were formulated and progetgresults is one of the last research
steps. Typically, a systematic approach is selected tiswewnducting this step. Nevertheless,
there are cases where real tests cannot be made estthmsms like simulation have to be
adopted. The task of analysing results tries to interpnet data resulting from such
experimentation or simulation. This may be quantitativejualitative data. The interpretation
should be made “against” the literature mentioned irstaee of the art. In other words, tackling
the elements from the research question(s) and hypsfes3iis mandatory.

In the case of information and communication technglagd in the case of this research
work, this was the time for the prototype development\aiidiation in the selected scenario. In
this particular case, the Pro-Active Services Ecosystemdwark was developed, applied and

assessed in a scenario of a consultancy PVC of Seni@sBianals, as mentioned before.

Publish Findings

Finally, a synthesis process is conducted towards thécatibn of the major findings. These
publications are crucial in order to gather peer vabdaand feedback. This feedback should then

be used in order to improve and consolidate the firsding

In the case of this research work, although the ultirgeté was the preparation of the
dissertation, the publication of intermediate reswis of particular importance because of these
two factors. The intermediate presentation of resultsternational conferences also brought a

motivation factor that introduced extra-energy in theaesh work.

11
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1.4. Research Context: Participation in Research Projects

This research work benefited, to a large extent, froemknowledge and experience acquired
through the participation on a number of European-furrédsdarch projects, both before and
during the PhD research period: Before the PhD startedirfBrdl — Production Planning and
Management in an Extended Enterprise; Fetish-ETF — Reder&uropean Tourism
Harmonization — Engineering Task Force); During PhD w@&tolead — European Collaborative
networked Organisations LEADership initiative; ePAL — extendingfessionals Active Life;
BRAID - Bridging Research in Ageing and ICT Developmewhich are illustrated in Figure
1-3.

¥ N
Pre-PhD research During PhD preparation
| PRODNET Il |
[ FETISHETF |
[ EcOLEaD |
[ ePal |
I BRAID |
MfC
| >
| 1 ] fr—
2000 2004 2008 2011

Figure 1-3 - Inspiring / Contributing Research Projects

As a member of the CoDIS (Collaborative Networks Bigdributed Industrial Systems) group of
Uninova, the interaction with various other related pgjecarried out by the group greatly
helped the author in the understanding of the state eofath and acquisition of background
information. In order to establish the relevance obéhprojects to this research work, a short

description of each follows:

PRODNET-II — 1996 — 1999 (4th FWP - ESPRIT - 22647)
Production planning and management in an extendednerprise

The PRODNET-II project was a pioneer project in the \Alrtanterprises research area. The aim
of the project was to design and develop an openophatbind the adequate IT protocols and
mechanisms to support Virtual Industrial Enterprises. PREDII was focused mainly on Small
and Medium size Enterprises (SMESs), in order to suppem with means to inter-operate with

several value-chain networks. The architecture of dbeeloped infrastructure employed the

12
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standards and technologies in communication, cooperatif@mation management, and

distributed decision making that were emerging on that time

The participation in the PRODNET Il project was a firstteshwith the research activity
and has constituted a base contribution for this relseawck, namely in what concerns the initial
understanding of the ICT infrastructures to support aboltative work among distinct

independent entities, through workflow enactment.

Fetish-ETF — 2000 — 2003 (5th FWP - IST-1999-13015)

Federated European Tourism Information System Harmaization — Engineering Task

Force

The general goal of FETISH-ETF was to integrate thgrhented tourism information systems
and their IT-based services into a federation of distribuésources that are presented through a

single infrastructure to end users and other serviced@ognterprises.

In FETISH-ETF, the Virtual Enterprise paradigm was apgplie order to promote and
reinforce the proper cooperation among service provedéerprises that can work together in
order to offer new high-level value-added serviedsich are in turn defined as a composition of

other basic services and / or other existing value-asieledces.

The participation in the FETISH-ETF project was of patticimportance in a preparatory
phase for this research work, namely in what concégrasunderstanding of service orientation

and service composition, as well as the involved barriers.

ECOLEAD - 2004-2008 (6th FWP — IP 506958)
European Collaborative networked Organisations LEADership initiative

ECOLEAD was an Integrated Project aiming to createngtribundations and mechanisms
needed to foster a collaborative and network-based indsstigty in Europe. The project was
built with 3 vertical focus areas: VO Breeding Environtse®ynamic Virtual Organizations and

Professional Virtual Communities. Additionally, two horizaininajor research areas were also
addressed in the project: the theoretical foundationdalworative networks and the horizontal
ICT infrastructure.

13
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The technological infrastructure developed in ECOLEAD,-ICWas of particular interest
as a inspiration contribution for this research work. Fasrttore, the developments on partners
search and consortia formation helped in the undetistgnof the process of responding to

business opportunities.

The interaction with the large number of groups in thaigot was crucial for a better
understanding of the theoretical foundations and practiballenges in different classes of

collaborative networks.

ePAL — 2008 — 2010 (7th FWP - CSA-215289)
extending Professionals Active Life

ePAL was a roadmap project aiming to identify innovativays that best facilitate the

development of active life process. The ePAL vision i tiian effective transformation of the

current situation regarding retirement and the barri@ractive ageing in Europe. The EU has
estimated that over the period 1995 to 2015, the 50-64aag® is increasing by approximately
25%. If this issue is not fully addressed in the neguré there will be serious economical and
social repercussions in Europe. The project definedtatalcsolutions towards involving senior

professionals in the socio-economic system. Furthernmibrdentified a set of recommended
actions to overcome the foreseen situation, both covesagietal, organizational and

technological perspectives.

The participation in this project was of particular interdst,order to get insight
understanding of the needs of Senior Professionals,etlsaw the potential of supporting a

contribution for their active life after retirement.

BRAID — 2010 — 2012 (7th FWP - CSA-215289)
Bridging Research in Ageing and ICT Development

BRAID is a special roadmap project in the sense thathuilding a Research and Technological
Development (RTD) agenda by consolidating previous magdinitiatives. The project is also
launching consolidation and consultation mechanisms towdeddifying and characterizing the
main challenges for producing a vision for the suppbrsocio-economic integration and well-

being of the increasing number of senior citizens irBhepean landscape.

14
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The participation in this project is of particular impoxte, especially at the challenges
identification perspective, namely in what concerns alttmestraints that seniors face in the later

stages of their life.

1.5. Structure of the Dissertation

The remaining of this dissertation is structuredodls\vs:

» Chapter 2 — Background and Literature Review — théptar covers the state of the art in
the scientific fields related to this research work. tstfidentifies the most relevant
contributing research areas and then addresses tineati@ievements and challenges
each one faces. The chapter ends highlighting otheedalasearch initiatives.

» Chapter 3 — Pro-Active Services Ecosystem Framewotkis- chapter presents the
conceptual framework created to model services offdrgdCollaborative Network
members within a collaborative Services Ecosystem, intiod pro-activeness in such
modelling elements. The auto-initiative characteristic osehmodelling constructs has
the aim of representing CN member’s services in an aalbas like manner, towards
pursuing the business success through the introduciobehaviours that can, for
example, find new business opportunities or increaskection chances among
competitors. A collaborative Services Ecosystem is atémduced as a space that
induces and supports a smooth collaborative environmehfineed by a quality of
service mechanism that will be introduced in this Chaptesetls

» Chapter 4 — Logical Architecture — This chapter adsreshe logical architecture created
to support groof of concepprototype system. The chapter starts with the desumipf
the software lifecycle phases, followed by the Requirésn&mgineering phase and
ending with the system specification documentation that tbisnLogical Architecture.
The tools used in this process are the i-star framewatkJahL. The former is used for
the requirements engineering phase. The later is tisenigh Use Case diagrams and
Class Diagrams, in a first stage to define the skelettimedCT systems to be developed.
Sequence and State Transition Diagrams are also used tel mmod the systems
developed based on this architecture should behave.

 Chapter 5 — Experimental Development and Validation s tiapter presents the
validation of this research work, which is made throbghalidation elements: 1 - the
description of the developed prototype system; 2 andvgo benchmarking exercises

made in order to compare both the approach and the sotatimther existing initiatives;
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4 and 5 - peer validation based on publications arftegag specialists opinion through a
presentation followed by a survey.

Chapter 6 — Conclusions and Future Work — this chapt@marizes the achievements of
this dissertation. A list of the aspects or elements iring to a progress beyond the
state of the art is highlighted. The discussion of futuwek dimensions and doors opened

by this active representation conclude the dissertation.

16
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2.Background and Literature Review

The aim of this chapter is to synthesize curreseaech related to the baseline of the proposed Autive
Services Ecosystem Framework. This synthesis staitts the identification of the most relevant
contributing research areas and organizes them ithieee groups: the application area, a conceptual
group and a technological group. It then proceeésaiing the state of the art of these contributidn
Sections 2.2, 2.3 and 2.4, respectively. Afterwasgstion 2.5 highlights key research initiativelated to
the addressed problems and the concluding sectfmusises the chapter contents.

2.1. Inspiration Lines

As mentioned in the Introduction Chapter, the Pro-ActiveviSes Ecosystem Framework
(PASEF) is conceived on top of a conceptual and a témfical baseline, and is motivated by
the requirements of the selected Application Scenamaagla The first one is represented by two
pillars: Collaborative Networked Business Ecosystems amdicBs Science. The second one
includes two major contributors: Service Oriented Arddtitees and Multi-Agent Systems. The
selected Application Scenario domain focuses on ICT Ageing. This Chapter visits these
contributing areas, highlighting background concepts,tifiyémgy the state of the art and existing
bottlenecks.

The selected application scenario focusing on Active Ageis represented by the ICT
and Ageing research area, has already an active chseammunity. In fact, a considerable
amount of work has been done in this area, motivagatidbincreased expectation of a longer and
healthy life, the increasing demographic unbalance |lgamiran ageing society in the developed
countries, as well as the need for keeping sustainableoeies under such demographic trends.
Section 2.2 details the challenging elements of this ar@&larifies the focus of this dissertation,
within that group.
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Regarding the conceptual baseline, Collaborative Netwigrksajor pillar of this work,
providing mechanisms and tools for a better understaratidgsupport of collaboration between
independent entities. Still at the conceptual contributitevel, the inspiration on the services
paradigm links to the so called Services Science. Althatijhin an early stage, this research
area has been maturing towards establishing a bridgeedetthe business and the ICT service

worlds. Section 2.3 describes the state of the art relatbéde conceptual contributions.

The existing technological approaches and the comeipg underlying concepts that
also inspire PASEF are the Service Oriented Architect8€s\] and the Multi-Agent Systems
(MAS), along with another small contribution from blackizbaarchitectures. The SOA
contribution is of special importance as the base fer $ervices Ecosystem that PASEF
embodies. The MAS contribution provides the basigiermnotion of pro-activeness. In particular,
as the PASEF approach provides a representation of the éhbens through some form of
“ambassador”, a similarity can be found between cdscdpfined in PASEF and the MAS

concepts. Section 2.4 describes these technological inputs.

Figure 2-1 illustrates the underlying conceptual basetime,technological inspiration
approaches, as well as the Application Scenario domatopand PASEF in the middle. This
figure partially corresponds to the outline of this ckapihat ends with the identification of some
key research initiatives based on MAS and / or SOA aphesaapplied to the CN field, as

explained in Section 2.5.

ICT and Ageing

Service Oriented

Collaborative Architectures

Networks

. Blackboard Systems
Services

Science Multi-Agent

Systems

Figure 2-1 — PASEF and the contributing dimensions

2.2. ICT and Ageing

ICT and Ageing

Service Oriented
Collaboration among Senior Professionals (SPs) is|the <artie Architectures
Networks
chosen target motivating scenario of PASEF, |as / senices PASE[F | sessorsrens
Science Multi-Agent
Systems
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mentioned before. In fact, the development of solutionsénior Professionals who want to keep
their active life after retirement is a trend that hasnbpulling the research community of ICT
and Ageing in the last years. One of the major factorscinduthis need is the extension of a
longer and healthy life expectation. One particular dematish of this evolution can be
extracted from the comparison of the actual age pyraarid the foreseen demographic
distribution in the year of 2050, as illustrated in FigBf2 and Figure 2-3, which addresses the
Portuguese case, taken as a mere example that replmaite similarly to other developed
countries or regions. These figures show that by 2886 will be a much larger number of
people older than 50, than the numbers of the samé&age in 2009.

 Men

e

500000 400000 300000 200000 100000 0 100000 200000 300000 400000 500000

Figure 2-2 - Portuguese age pyramid 2009

m Woman

® Men
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Figure 2-3 - Portuguese age pyramid 2050
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This demographic evolution can be analysed accordihgdalimensions:

1. Individual-dimension — through a longer life expectatiomith reasonable health
conditions, people have the possibility to remain acpvefessionally, although this
might happen in distinct circumstances or conditions. It fseveral persons prefer to
keep their professional activity.

2. Societal-dimension — at an integrated analysis, the tgoagea whole also gets older.
Social problems are raised at the economic / sustaindbN&y forcing the redefinition of
the societal models concerning active / professionablifieetirement policies. In fact, as
the relation between the number of persons that aredetitd benefit from pensions on
one hand and persons in a working age that contribuecto pensions through taxes, on
the other hand, is evolving as longer-life expectatiowsease. In other words, “with
relatively fewer people working and greater numbers dahgjnpensions, the long-term
sustainability of this ‘intergenerational contract’ is in dahd€amarinha-Matos et al.,
2010b).

These two dimensions require reactions from seveealsaof the society and computer science is
not an exception. In particular, the areas of ICT ahdh@ve the possibility to give a major
contribution to the current and foreseen situation. Taatributions from these areas have been

addressed lately especially under two perspectives:

1. Finding out the mechanisms to provide care to oldepleg not directly considered in
this research work, but also worth to mention, and
2. Finding out mechanisms to provide older people theilpiiss of having an active

life at these later ages, the main application focusigfiissertation.

The first perspective has gained the attention of theareh community as illustrated in Figure
2-4 that highlights some research projects along thalitim

TeleCare technological solutions for tele-supervision ard-gessistance,

combining mobile agents and federated informatystesns

Design and development of a configurable framewaoknew

Help older people improve their wellbeing, .
independence, safety and health at home NetCarity

Communication platform for the tele-monitoring /magement
of elderly to detect locomotion disabilities anépent fall. BIOTELEKINESY

policy interventions related to older people movete Moves

Conceptual approach for new routes in eHealth tostrd Care

v

2003 2006 2009 2012

Figure 2-4 — Examples of Research Projects targetingeltee
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The following paragraphs shortly describe these projects

e TeleCARE (“A Multi-Agent Tele-Supervision System for Hige Care” -

www.uninova.pt/~telecaje- One of the earliest research initiatives tackling thst f

perspective, was the European Commission fundedrobseaoject TeleCare that aimed at
the development of a “configurable framework for virto@ammunities focused on supporting
assistance to elderly people”, as presented in (Canaakifattos and Afsarmanesh, 2001). In
this project, “the main innovative aspects introduced (.rewe) tele-supervision and tele-
assistance, based on the integration of multi-agemrsgs and federated information
management approaches, introducing the concept ofatedesgency”.

* NetCarity (“Ageing successfully, Ageing in Place” — wwwaaatty.org — Another initiative,

this time tackling an Ambient Assisted Living (AAL), is theoject NetCarity, which
proposed a networked multi-sensor system for elderlyplpedooth concerning healthcare,
safety and security in their home environment. This iitsaalso addressed the commercial
opportunities and challenges brought by AAL, asitigtan (Consortium, 2010).

e CareMoves (“Figuring Movement in Old Age Homecare” reoaoves.wordpress.cQm the

CareMoves project has the focus on the locomotion af pgeple. In this project, movement

is considered as the base of “important challenges eandrging tensions in old age

homecare”, and the project aim is to contribute scierkiiowledge that might be used as a
base for the IT development policies aimed at allegatensions in care. It also aims to
construct novel theoretical intersections between anthrgposzience & technology studies,

human-computer interaction, and care science.

* BIOTELEKINESY (www.biomed.ntua.dr— this project also tackles the motion area, trying

to address monitoring and assessment devices to gatbenation towards a prevention of
motion disabilities, as well as the consequent fall riske. fAhget beneficiaries of the results
of this project are both seniors, healthcare providestshaalthcare systems.

A broader and systematic view of the need to develeprtbans that support an active life after
retirement was presented in (Camarinha-Matos et &04)2®ased on an increase of longer life
expectation, as well as the need to support sustainebi®mies. This time, the focus was on
finding new emerging collaborative forms, namely thegiaility to gather life-long experience

from older people to help entrepreneurs.

As mentioned in (Camarinha-Matos and Afsarmanesh, )20d@e of the domains
addressed by Active Ageing research is to “support@etiyeing and facilitating better use of the
talents and potential of retired or retiring senior protesas”, as one of the proposals for active
life for seniors. This is the dimension tackled by th&sertation. Continuing a professional life,

even if under a “lighter” model, is a possibility ane thilling of several senior professionals.
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In fact, three main aspects can be identified concerthiagcurrent early retirement of

people in many countries:

e The retirement age is far from the age when elderbpleés working capabilities start
decreasing.

« Many senior professionals prefer to continue workathough under a more flexible
schema, instead of starting a process of a lonely iexper.

* The knowledge attained during a life-long experien@nissset that the economy thanks

and elderly persons feel glad to share.

There are already several associations of Senior Brofeds created to support senior persons’
needs, namely addressing these tree perspectives. Zabdows some of the associations that
have been contacted within the scope of the ePAL pr@@asharinha-Matos et al., 2010c). As a
remark, PASEF development is inspired on the needs igehtif contact with two Portuguese
associations of senior professionals: APCAséociacao Portuguesa de Consultores Sériipres
and SHARE (Associacdo para a Partilha do Conheciméntdttp://www.share.pt These are

not for profit associations, composed of senior psiesls that have a life-long experience and
the willingness to share that experience with youngeplee towards a positive contribution to
the society. Another association that has been studid,from which a contribution was
attained, was the Spanish association SECQ€&niors Espafioles para la Cooperacion Téchica

- http://www.secot.orgy

Table 2-1 — Senior Professionals Organizations Success§foiitacted within ePAL project

Org. Nami Country Org. Nam: Country Org. Nam: Country
ASEP Austria SES Germany FRAE Spain
BSC-I Belgium ISES Italia Jubiqué Spain
SENA Belgium Seniores Italy SECOT Spain
SWB Denmark PUM Netherlands Sen@er Spain
NESTOR Finland APCS Portuga UDF Spair
AGIRabcd France SHARE Portugal REACH UK
ECTI France COGAMA Spair RSVP UK
EGEE France CONFEMAC Spain

OTECI France CONJUPES| Spain

The results from the contact with these associations lezl/eseveral aspects, as detailed in
(Camarinha-Matos et al., 2010c). An interesting aspetiaisthe things that the involved Senior
Professionals mostly value are the level of profesigmadignity, commitment, honesty and
independency. Another interesting element identifiedhas tmost of these associations state as

principal goal giving professional help to young peoBIRIEs and other organizations that cannot
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afford to pay commercial (consultancy) companies’véNtheless, despite these noble aspects,
these associations face some barriers on their actjviteeaely concerning two limitations of
their status quo

1. These associations are mainly self-sustained, withatgrior public sponsorship in some
cases. They have a reactive approach, mainly addgesee requests from the outside
and they “do not seem to have effective means of ganghe market finding
opportunities. As a consequence, most associatioastreit they do not acquire enough
activities for all their members”.

2. Interms of ICT tools or infrastructures other then iéfio@ctionality, word processors or
primitive databases, dedicated software needed far ddeninistrative and operational
activities are not used or simply does not exist. “Onengka of this necessity is the use
of collaborative tools to cooperate with external entitiesn@nagement tools to

dynamically find and select experts for an assignment”.

These two limitations, along with the above mentionelp ko entrepreneurship motivate some of
the developments addressed in this dissertation. For destBASEF will address the mentioned
reactive approach of these organizations by proactivelguing market opportunities. In fact,
various research works are being supported by distirstitutions in order to tackle Active
Ageing and particularly ICT and Ageing research areaodg these initiatives, some address
roadmap definitions, in order to identify areas in need fiogther research, a fact that
demonstrates the recognition of the importance of this aneone hand, and the need for new
mechanisms and approaches, on the other hand. Thetse alao show that research and
development related to this area will continue in the hgare. Figure 2-5 shows five examples

of EU funded roadmap initiatives.

SENIOR The SENIOR. project investigated how new ICT meet the needs
of genior citizens without compromising privacy and ethics.

AALIANCE

advanced ICT technologies for the areas of ageing at
wotk, ageing at home and ageing in the society

Ambient Assisted Living (AAL) solutions based on

Comnsider and define new ways of promoting a balanced
active life for retiring and retired professionals in Europe

ePAL

International Support of a Common Awareness and Knowledge
Platform for Studying and Enabling Independent Living

Capsil

Support the well-being and socio-
-economic integration of increasing BRAID
numbers of genior citizens in Europe ‘

2008 | 2009 | 2010 [ 2011 | 2012

Figure 2-5 - Sample EU funded Roadmap initiatives

23



2 — Background and Literature Review

The following list shows the diversity of distinct perspeesitackled by these projects:

e SENIOR (Social, Ethical and Privacy Needs in ICT for Oldeeople -

www.seniorproject.eu) — As the demographic evolution takes place, peoplertiaahes

older ages tend to have higher formation and a greatgathy with technology. This
new scenario created by the arrival of the “new olderegsion” will therefore be
marked by the need to define the ethical and privacsndreorks that should be
constructed to protect senior citizens from misuse dndeaof ICT. This is SENIOR
project’s mission which reports on good practicesjcathguidance and designing a
dialogue roadmap, as detailed in (Mordini et al., 2009).

« AALIANCE (The European Ambient Assisted Living InnovatioAlliance -

www.aaliance.eu) — This roadmap project focuses on Ambient Assistethd. (AAL)

taking benefit from ICT technologies. Three areas ofnagare identified: ageing at
work, ageing at home and ageing in the society. Tlgeqgr addresses these areas
through proposing a R&D roadmap, standardization irements and policy
recommendations, also identifying the opportunities risgn by the demographic
evolution, as detailed in (Broek et al., 2010).

* ePAL (extending Professional Active Life www.epal.eu.com) — The main vision

behind ePAL is that “the collaborative networks paradigupported by advanced
community building and collaboration ICT platforms, gamovide a new approach to
active ageing” (Camarinha-Matos and Afsarmanesh, 2008% roadmap project has
produced a set of actions, activities and steps to eild better use of the talents and
potential of retiring and retired persons, as furtherilgetan (Camarinha-Matos et al.,
2010a). These actions were divided into three persgsctsocial, organizational and
technological perspectives (this last group of actionsrigcpkarly connected with this
dissertation as further detailed bellow).

e CAPSIL (International support of a Common Awareness amledge Platform for
Studying and enabling Independent Living www.capsil.org) — CAPSIL targets
independent living based on established clinical requéints. The main objective of this
project was to launch a series of workshops in the U, &d Japan, with two
fundamental goals:

1. To develop a detailed CAPSIL Roadmap for EU researcltheee effective
and sustainable solutions to independent living based ama@eapth analysis of
clinical requirements and the ICT scenarios developeshder development.

2. To support ageing research by proposing procedoré@scorporate all of these
diverse solutions into WiKi entries which describe interapkr ICT solutions to

clinical requirements for independent living that can theddmoyed.
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« BRAID (Bridging Research in Ageing and ICT Development)(braidproject.eu)
BRAID, which builds on top of the results of the prewofour initiatives, aims at
characterising key research challenges and producingien for a comprehensive
approach in supporting the well-being and socio-envodntegration of increasing
numbers of senior citizens in Europe. The project lhieetmain objectives:

o Create a dynamic ICT and Ageing roadmap that addressespeople's needs
not otherwise well met in previous initiatives.

0 Instantiate a strategic research agenda that tracksbailds upon existing,
emerging and disruptive technologies and that responds tohimging socio-
economic conditions of stakeholders.

o0 Expand the BRAID networks of contacts to build a setaining co-ordination

mechanism which reaches out across the heterogensitsiaholders.

Among these initiatives, it is worth to highlight the techgaicactions (T1 ... T6), identified for
the next years by the ePAL project roadmap, as detald@€amarinha-Matos et al., 2010c).

Table 2-2 lists these elements briefly explaining how dissertation addresses some of them.

Table 2-2 — Technological Actions identified in ePAL roagma

# | Action Short Description Address in the Dissertation?

The elaboration of a common Ontology for
Developing | Establish formal conceptual models for communities of SPs, identified within T1, is|
T1 | conceptual people’s professional lifecycle and the supportaddressed, to some extent, by a Services
models environment for active ageing. Taxonomy definition support made by

Services Ecosystems administrators.

Develop and integrate self-adaptive and
Generating | configurable technology solutions in ICT
T2 | adaptive collaboration environments facilitating Not addressed
solutions technology acceptance and enabling

customization for/by seniors.

Develop open ICT collaboration platforms fo o o
o N . ) The trust building perspective is addressed, to
Building communities of senior professionals that
) ) ) o some extent, both by a new QoS assessment
T3 | collaboration | promote human interaction and socialization ) )
] ) mechanism and the continuous performed
platforms and are enhanced by affective computing, o )
) monitoring made by the Services Ecosystem.
context awareness, and trust establishment.

o Design and develop collaboration support togls )
Building N ) Not directly addressed, although the pro-
] and systems to facilitate value creation, ] ] ]
T4 | collaboration o - ] active representation of services gan
considering the specific needs of senior ) ]
tools contribute to value creation.

professionals.
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# | Action Short Description Address in the Dissertation?
] ) The creation of reward mechanisms
) Develop environments that empower seniors|to o o

Leveraging o ) considered in this action is addressed, to
T5 leave a legacy capitalizing on their valuable and

legacy ) ) some extent, by the QoS assessment

transferable personal / professional experience. )
mechanism.

Develop approaches that discover patterns anélthough not in the exact same direction of

model “the evolution of senior professionals’ | the identified sub-actions, the introduction ¢f

Elaborating | o ) ) ) ) . )
) interests and their involvement in the socio- | SP’s service representatives with possible
T6 | behavioural _ _ _ _ _
del economic system” and “the behaviour and behaviour configuration, also fosters the
models
emotional health of senior professional inclusion of SPs in the socio-economic
networks”. landscape.

Another interesting work in this area has been preseént@ebrnasiero et al., 2009), which focus
on manufacturing. There, Fornasiero presents a réspaofect called Flexibly Beyond, which

“studied and experimented innovative models for tHemanement of the role of senior workers
and prolongation of their working life”. The focus ofgiproject was on the European industry

sectors of apparel and footwear.

Yet another interesting research project was also ideatiicusing the perspective of an
active life in later ages, called “Cooperative ActiveAGEp@art Trust (CAST)”. This project
follows the notion that “experienced executives aged H@é ‘reservoirs’ of resources and
expertise, especially valuable to younger entreprerendgprofessionals aged 25-50 for them to
develop their business or sustain the quality of thafeers and projects with solid partners”
(Potter and Leighton, 2005).

These projects and other initiatives, like (Camarinhaesland Ferrada, 2006; Cheng et
al., 2007; Collom, 2008; del Cura et al., 2009; Potter beighton, 2005), show the strong
activity of the research community, as well as the comemtnof funding agencies, concerning

this research area.

Moreover, this research trend is also aligned with tlebdn Strategy, where major
society guidelines were identified: “An active ageingtstyg requires a radical policy and culture
shift away from early retirement towards three key liokgaction: providing the right legal and
financial incentives for workers to work longer aond employers to hire and keep older workers;
increasing participation in life-long learning for all agasd improving working conditions and

quality in work” (lvan-Ungureanu and Marcu, 2006).

This status quo in need for new solutions and mechanisms - wabale inspiration for
the selection of Active Ageing as the example area fopitbof of concepapplication of PASEF,

in order to contribute for the usage of ICT and CN Kkieolye towards the mentioned paradigm
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shifting. The envisioned scenario of PASEF helps SenioreBsifnals to keep their active life
after retirement, through the usage of an ICT syst&ahrepresents the services they are willing
to provide, in a pro-active manner. The behavioutheke elements can be configured to follow
the SP’s business interests, namely looking up for nelalitwation Opportunities, or improving

the selection chances for the represented services.

2.3. Conceptual Baseline

2.3.1.Services Science

ICTand Ageing |

Service Oriented
Architectures

The notion of service, although attracting substantial

Collaborative
Networks

attention in recent years, still suffers from the laclkaof

Blackboard Systems
Services
Science Multi-Agent

Systems

precise characterization. Various partial attempts|to

define service can be found in the literature but—a

general consensus is still missing.

For example, (Sheth et al., 2006) states that “a serve@rigvider-client interaction that
creates and captures value”. This is a broad deimé&nd the main elements are the identification
of the two actors, the client and the provider, and tieesmn value creation / interchange. A
more detailed definition can be found in (Chesbroamgti Spohrer, 2006): “A service is a change
in the condition of a person or a good belonging to seaomomic entity, brought about as the
result of the activity of some other economic entity, wtk approval of the first person or
economic entity”. In this case, naturally the same tworacémd the value perspective are
included but two other elements are added: 1 — a sawegcdts on the change of the condition of
a person or a good (probably belonging to the cliamk), 2 — that change results from an activity
performed by the provider. Yet another definition fdun (Jim et al., 2007): “Service can be
defined as the application of competences for theftliasfeanother, meaning that service is a
kind of action, performance, or promise that is exckdrfgr value between provider and client.
Service is performed in close contact with a client; theerhaowledge-intensive and customized
the service, the more the service process dependsaltyiton client participation and input,
whether by providing labor, property or informatioi®@ne can state that this definition puts the
focus on the client interaction. All these three definitioms agnostic on a technological
perspective and especially focus on the interactiond®mtwlient and provider, value creation and

the activity that has to be performed for the servidake place.
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A more technology-oriented definition can be found ker(ario and Guarino, 2009;
Ferrario et al., 2011), stating that “a service is prieatl time t and location | iff, at time t an
agent is explicitly committed to guarantee the executiosooie type of action at location I, on
the occurrence of a certain triggering event, in theresteof another agent and upon prior
agreement, in a certain way.” This definition is partidylapplicable in the context of PASEF,
given the fact that it includes the commitment aspectingowith the business perspective, the
temporal and logistics facet, coping with the managemamd, it can be materialized into a
technological implementation, for example using the mukirég paradigm and / or service-
oriented architectures.

On the other hand, this definition also points out foexisting gap between the business
and the ICT worlds. The parallel between this definition @hd existing technological
approaches diverges in the main points of the definitiothe- temporal and geographical
constraints. In the case of a Web-Service, for exantipdetemporal constraint is only achieved

when the Web-Service is called, whilst the localization traimg is not considered.

On the other hand, the services sector has experiemogwwing importance path,
especially in the last two decades. In fact, the wotbdua has partially moved from agriculture
and manufacturing into the services sector, as showralibe 2-3 (Maglio et al., 2006). It is
interesting to notice that the service designation appearesbposition to agriculture and
manufacturing, in 1930s, according to (ChesbroughSpuahrer, 2006). At that time, the first two
sectors of economy were the major sectors in tafngnployment and “services was a residual
category for other activities that didn't fit into agricultumed manufacturing”. Nowadays the

services sector is the one with higher employment natiteveloped countries.

Table 2-3 - From agriculture and manufacturing to ses/(&o of jobs)

Nation World Labour Agriculture Goods | Services Services Growth
(% of total) % % % (% increase in last 25 years
Chine 21.C 50 15 35 191
India 17.C 60 17 23 28
u.s. 4.8 3 27 70 21
Indonesii 3.6 45 16 39 35
Brazil 3.C 23 24 53 20
Russii 2.5 12 23 65 38
Japal 2.4 5 25 70 40
Nigerie 2.2 70 10 20 30
Banglades 2.2 63 11 26 30
German 1.4 3 33 64 44
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Nevertheless, despite the growth of this tertiary sectdahe world’s economy, productivity in
this sector is low, when compared with the manufactundgstry, as presented in (Abe, 2005).
One of the commonly accepted factors that dictate theploductivity is that the service sector is
based heavily on the intuition and experience of employa#®er than on systematic processes.
Therefore, unlike the two older sectors of agriculturé amanufacturing, few mechanisms exist
devoted to assess productivity in the services sectar nfdgnitude of this phenomenon gains a
particular meaning when the dimension of the baselineggfmm one service to the integration
of distinct services from independent entities forming isergystems. In other words, “service
system complexity is a function of the number and tarief people, technologies and
organizations linked in the value creation networksgirzg in scale from professional reputation
systems of a single kind of knowledge worker or msi@n, to work systems composed of
multiple types of knowledge workers, to enterprise sgysteto industrial systems, to national
systems and ultimately to global service systems” (Maglial., 2006).

As a result of this situation, and as foreseen in (H2005), the new concept of “Services
Science” has emerged with the goal to increase productivitiyeirservices industry, promoting
innovation and creating greater viability and transparemtyen assessing the value of
investments in services. According to (Spohrer et @07, “Services Science aims to understand
and catalogue service systems and to apply that unddirgjaio advancing our ability to design,
improve and scale service systems for practical busimessagietal purposes.” The attention that
the research community has been giving to the Servicescedmas already produced systematic
results, as shown in Table 2-4 and Table 2-5 hightigrdome references and their contribution.

Figure 2-6 distributes the same publications in a timeline

Figure 2-6 — Services Science selected publicationstiover
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Table 2-4 — Services Science selected references (1)

Referenc

Innovative Contributio

(Horn, 2005)

The author defined the new discipline of Serviceseikce as a melting af
technology and business understanding of serviggsstating how crucial it is to
the “next wave economy”. This new academic disp#ligathers inputs from
ongoing work in computer science, operations resgandustrial managemen
and social and legal sciences, in order to devéhepskills to a services-led
economy.

(Abe, 2005)

This work compares the Services Sector to the naatwfing sector in what
concerns productivity, concluding that the laters hmuch more systematic
mechanisms than the former in this respect, ascesrgpecially rely on intuition
and experience of employees. This is pointed ouh@snain motivation for the
Services Science that takes these elements ina#stigthem scientifically
through the existing academic disciplines in orgeraise productivity and create
visible assessment to investments.

(Chesbrough anc
Spohrer, 2006)

The paper argues for a Services Science disciptinetegrate distinct academjc
areas, attaining the knowledge they may provideatdw a fast advancement
service innovation.

(Paulson, 2006)

The author argues that although technology is aekement of Services Science,
a better understanding of human behavior is clitidde field calls on the
resources of social sciences such as psychology sactblogy, as well as
anthropology, which could provide useful informatiabout the way people and
groups work and interact.

(Bitner and
Brown, 2006)

This work addresses the evolution and discoveth®fServices Science academ
discipline in Business Schools, arguing that thigaiive from the Arizona State
University illustrates what can be accomplished nvhmiversities worldwide
address the need to create comprehensive intgliligely curricula for Services
Science.

C

Table 2-5 - Services Science selected references (1)

Reference

Innovative Contribution

(Sheth et al.,
2006)

Sheth et al. propose the Semantic Services Sci€8g model, arguing the
benefits from semantics in view of a broader visiérServices Science by using
service descriptions that capture technical, huneaganizational, and business
value aspects.

(Niwa, 2007)

The authors propose the definition of the core effviBes Science as an
integration of existing sciences. First three kégments of service activities:
clients' problem definitions, problem solving byingsclients' domain knowledge,
and communication with clients. These elements raspectively related tp
systems science, knowledge management and cogsdigace, in order to define
a Services Science framework.

(Spohrer et al.,

This paper explores the relation between the Sesvigcience and the GRID
computing areas, comparing the notions of resowentty, service, interactior,

D

2008) and success criteria for the two areas.
(Lusch et al., | The authors address the conceptual foundationeoBtrvices Science through a
2008) logic based on value creation and exchange.
Engelmann addresses the importance of the sersgesr in Germany and th
(Engelmann, | work that has been done in that country, arguireg tsearch and development
2008) still needs to be universally recognized.
(Spohrer and | The emergence of Services Science is addressetlighitng the need fo
Maglio, 2008) systematic service innovations to accelerate caticne of value.
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Reference Innovative Contribution

The authors propose an Ontological Foundation éoviSes Science, based on the
objective of allowing the smooth interaction of peoand computers with

(Ferrario and | services in the actual world. The authors emphdabizeole of social and
Guarino, 2009) | business-oriented services, whose consideratinegged to evaluate the global
quality of e-services in relation to their ultimatecial benefits, taking the overal
impact on the organizational structure into account

(Maull and N A Services Science research agenda is suggestesidering it as an integrative
2009 9 discipline of engineering, technological and sos@énces for the purpose of
) value co-creation with customers.

Ferrario et al. consider services as the core elenfehe new cganizationa
paradigm of Service Oriented Systems and make alysis under the perspectiv
of formal ontology, with a special attention to thgal aspects. The authors
(Ferrario et al., | consider services as events, in opposition to gargsiing that they are not

2011) transferable, as they cannot be “owned”. The papleased on the central notion
of commitment, analyzing the relationships betwsenvarious agents that
participate to these services / events playing ttodgs, with specific
responsibilities.

[}

In line with this new research field of Services Scienle, new academic discipline with the
same name is also emerging towards fostering the knge/led this field. For this reason, some
of the above mentioned references may be highlighteshdheir contribution in this perspective.
What is becoming a common understanding states that thaliseipline must have a trans-
disciplinary curricula, in distinct teaching institutioas, mentioned in (Bitner and Brown, 2006)
that particularly focuses the Business Schools’ initiatifeszertheless, engineering schools can
also have a role here, namely in terms of developmersupport frameworks. In fact, the
education is one of the main drivers for new scienceartitularly for the Services Science as
identified in (Kejing et al.,, 2009). The main objective ts “merge technology with an
understanding of business processes and organizati@an cembination of recognizing a
company’s pain points and the tools that can be appliecbtrect them”. These authors also
highlight the multidisciplinary nature of Services Scienpeijnting out that “as the world
becomes more focused on services, what we need anhothe insights from more disciplines,
but more importantly the collaboration of scholars fromesal disciplines examining the same

challenge.”

In order to embed the new discipline of Services Sciencegsaarch agenda was

identified in (Maull and Ng, 2009), highlighting five issdes knowledge production:

The need for more appropriate simplification in seryices
The need to understand the whole as well as all thg; part
The need to look forward;

The roles of technology changes in the service systethgiem versa; and

a koD e

The need to integrate social sciences (and busirersgeering and technology for

customer value co-creation.
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In fact, the research community started to pay speciaitiatteto this topic in the late 2000s,
according to (Spohrer and Maglio, 2008), when IBM tethra joint effort with universities,
researching services from the viewpoint of social ezgyiimg systems. One can sate that this was
the starting point of Services Science. More recently, dbgignation of “Services Science,
Management and Engineering” (SSME) was suggested insb@hegh and Spohrer, 2006).
According to these authors, “this expanded name fori@=nScience is useful in that it speaks

directly to the need for a multidisciplinary approach 8pmans across existing academic silos”.

Although a common Services Science definition has notbgen reached, a simple
statement from (Paulson, 2006) argues that “in essensécedeScience represents a melding of
technology with an understanding of business processes caganization”. In another
perspective, “Services Science aims to categorize gpidie the many types of service systems
that exist, as well as how service systems interact aoleeto co-create value” (Maglio and
Spohrer, 2008). Nevertheless, it is commonly accepteds#raices Science has four main fields
of focus: business strategy, business process, htesaarces, and fundamental technology (Abe,
2005), as presented in Figure 2-7.

Services
Sclence
: 2
1 1
Business Business Human Fundamental
strategy, Process resources technology

Figure 2-7 — Main focus of Services Science

A brief description of each of these branches follows:

* Business Strategy — In Services Science there is tte toerlentify how to analyse
business strategy in a scientific manner and how tedwtt modelling towards
introducing quantitative forecasting and reasoning, and tmwransform business
strategy into something predictable.

* Business Process — Services Science use of applie@msttbs, operations research,
management or computer sciences towards optimizingndass processes. Some
example aspects from this field may include investigataf business models,
formulation and diffusion of industry standards, defomitiof performance management

criteria, et cetera
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¢ Human Resources — Services Science also tacklgseparation of human resources to
dynamic business environments, where they might neeeésjgond to changes with
speed and flexibility.

« Fundamental Technology — This dimension of Servicesn8ei encompasses business
performance management, information integration, secuniy privacy, as well as

supporting a smooth communication between providedschents.

Therefore the multidisciplinary approach to systematicallglysgervices, given the previous ad-
hoc approaches based on intuition and employeesierper although still in an early stage, is
already an innovative approach, given the fact thathedbd four pillars represent ongoing
research areas. According to (Maglio et al., 2008)e ‘challenge lies not simply in formally
modelling the technology or organizational interactions, ibutnodelling the people and their

roles as knowledge workers in the system”.

2.3.2.Collaborative Networks

( ICTand Ageing |

Service Oriented
Architectures

Collaboration among distinct independent entities is|an Clbortive

Networks

. . Blackboard Systems
old practice. The usage of Information and Services PASEF =
Science Multi-Agent
Systems

Communication  Technology to support suc¢h

collaboration and break out the barriers of geograbhic
distribution, along with actual market turbulence and theadleet globalization are some of the

pillars of the new Collaborative Networks scientific area

This area has gained special attention from the rdseaymmunity in the last two
decades. According to (Camarinha-Matos and Afsarnmar2@05, 2008c), there is already a
sound empirical knowledge, and a preliminary theorefmahdation for collaborative networks.
The “emergence of the virtual enterprise (VE) / virtoeganization (VO) paradigm falls within
the natural sequence of the restructuring processesditianal industrial paradigms that is
enabled by advances in information and communicatiohntdogy”. According to the same
authors, “the idea of VE/VO was not invented by a singbearcher; rather it is a concept that has

matured through a long evolution process.”

In fact, this scientific discipline can be included in theéhpaf systems integration,
towards a global integration level. As represented in Eid8, inspired in (Camarinha-Matos
and Afsarmanesh, 2005), systems integration, in whatecas industrial informatics, started in
the early 70s at the cell level, when robots and otlahines dedicated to specific functionalities

had to be integrated. Later, in the 80s, distinct celldestdo be integrated and, in the 90s, the
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integration of distinct departments from enterprises viiesfocus of the so-called computer
integrated manufacturing (CIM). Nowadays the integratiotwéen independent enterprises or

entities is a major topic addressed by the researcmcoiity.

Inter-

iras enterprise
enterprise Level
Shop Floor ~ Level
Level
Cell Level
70s 80s 90s 00s

Figure 2-8 - Systems Integration Evolution

Along its history, the CN area has been enriched wihtaf base concepts for formalizing the
several types of consortia that are formed for collamrapurposes, among distinct entities,
through the usage of ICT systems (Afsarmanesh,e2@04; Camarinha-Matos and Afsarmanesh,
2005; Rabelo and Pereira-Klen, 2004), namely:

» Virtual Enterprise (VE) — “A virtual enterprise is a temgugr alliance of enterprises
that come together to share skills or core competemcksegources in order to better
respond to business opportunities, and whose cooperiatisupported by computer
networks” (Camarinha-Matos and Afsarmanesh, 199%eGtudies can be found in
(Grefen et al., 2000), for example, concerning thepeocation within service
outsourcing in the electronics industry, based on thessEtow European research
project. In this example, workflow means may be useddcettactment of services
provided by independent organizations. In this casesseorganizational transaction
management and process control provide the flexibilityréat world logistics and
insurance companies.

* Extended Enterprise — The concept of Extended enserfzia particular case of VE,
where a “dominant enterprise ‘extends’ its boundatieits suppliers”. An example
can be considered in the automotive industry, wheraia sompany is surrounded
by several suppliers. In this example, the main comgditgates” the rules which
suppliers try to follow making an effort to remain instigroup.

* Virtual Organization (VO) — “The concept of Virtual Organieat extends the VE

concept, covering organizations other than for praoiiegorises, e.g., the open-source
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software development communities’ movement constitutep@l example of a
virtual organization where the results of existing systgmove the effectiveness of
these structures, as shown in (Gallivan, 2001).

Typically, these forms of collaboration fall within a limitéche-frame period, corresponding to
the collaboration opportunities originating them. Néweless, the effort needed for the formation
of these organizations, or the existence of some kindusf among the involved CN members,
among other factors, demand more stable structureslasiabeyond particular collaboration
opportunities. In order to support stable and longtstructures, composed of entities that are
prepared and willing to collaborate, from which a VOaoWE could emerge, the concept of

Virtual Organizations Breeding Environment was defined.

* Virtual Organizations Breeding Environment (VBE) — “reggets an association or
pool of organizations and their supporting institutions tizeve both the potential and
the will to cooperate with each other through the estahbsi of a base long term
cooperation agreement”.

The scientific community has also addressed the casedofidual professionals, instead of
enterprises or other organizations. In this context, dmeepts of Virtual Team and Professional

Virtual Community correspond to the VE / VO and VBE, exgjvely:

e Virtual Team (VT) — “is a group of professionals that eotogether in order to share
competences and skills to tackle a specific Businggso@unity.”

* Professional Virtual Community (PVC) — is “the combinatidrconcepts of virtual
community and professional community. Virtual Communites defined as social
systems of networks of individuals, who use comptdehnologies to mediate their
relationships. Professional communities provide envirarisméor professionals to

share the body of knowledge of their professions.”

A more extensive taxonomy of CN forms can be foun{Oamarinha-Matos and Afsarmanesh,
2008c). Figure 2-9, retrieved from that source, shiowg the above mentioned concepts, as well
as other concepts defined in the CN scientific area,releded with each other forming a

taxonomy.
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Figure 2-9 - Examples of Classes of Collaborative Nete/
(Camarinha-Matos and Afsarmanesh, 2008c)

The area of Collaborative Networks gathers all these eiac The main objective of this
scientific discipline is the establishment of the theoattfoundations to support and foster the
collaboration among independent entities. Some examplpgutiges are the legal perspective,
the underlying needed ICT support infrastructures aressng the preparedness and the
willingness of CN members to participate in some \é&®,explored in (Rosas and Camarinha-
Matos, 2008). In fact, although the collaboration betwadapendent entities does not constitute
a new phenomenagr se as mentioned before, the potential global geograptisaibution rises
challenges also addressed by this scientific field, likalidg with inter-cultural barriers or
supporting business process enactment.

Moreover, the CN discipline also studies VTs /VOs istidct stages of their life-cycle.
One early example of life cycle model is representeHigure 2-10, which proposes 4 distinct

stages (Camarinha-Matos and Afsarmanesh, 1999).
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N
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Figure 2-10 — A typical CN Life Cycle

These stages are described as follows:

« Creation — This phase addresses issues like pagearsh, selection or negotiation
and contract establishment. It includes the procemsgésnechanisms needed for the
creation of consortia towards a collaborative accommpiesit of the triggering
Collaboration Opportunity goals. In (Camarinha-Matos anghéhanesh, 2005), this
phase was further divided into two sub-phases: (i)dtdth and the recruiting sub-
phase, where a common ICT infrastructure is implementehile potential
organizations to join the CN are recruited; (i) Foundasah-phase where support
systems are set up, founding members are registaretlthe set of governance
principles and rules that will guide the CN life cycle addired, as well as the
ontology to be adopted.

e Operation — the phase coping with all the mechanisms defedethe partners to
perform their tasks / activities in order to achieve the-defined common goals.
These mechanisms may include workflow managementjstiibdited information
exchange and sharing.

« Evolution — potentially, during the CN activity, someatpars may leave or join the
group, leading to the need for the CN to evolve. Furttore, the roles of partners
within the group can be redefined. In this phase, la@sms similar to the ones of
the creation phase are also included, like partnerstsaattselection, or negotiation
mechanisms.

e Dissolution — finally, the phase that has to cope withtlad mechanisms and
processes needed after the Collaboration Opportunititsesu common goals, have
been accomplished. This stage includes mechanisms lige delivery assistance

services.

The Creation and Operation phases are the ones thatngre attention from the research

community in a first phase, given the fact that they aeditht ones needed to support real cases
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in industry. The Evolution phase was addressed, aftesydrenefiting from the similarity
between the needs of that phase and the creation pitesdess addressed phase has been the
dissolution phase, as mentioned in (Hormazabal et &9)20

The main objectives of CN studies for the Creation avmluEon phases of the life cycle
of a team of professionals is to support the procederofing a consortium, on one hand, and
provide more success probabilities, on the other hémdact, creating such collaborative
structures, based on unknown potential partners frorapam universe, like the Internet, adds
much more uncertainty than restricting to a “local” urseerlike a Professional Virtual
Community (PVC), where better / accurate information aboaitntiembers might be attained.
PVCs act as places where registered members aim ataralialg with each other. Furthermore,
the contractual perspectives or technological infrastrestused may already be prepared. This

last factor contributes to shorten the time-frame perfdteocreation phase.

Figure 2-11, inspired in (Afsarmanesh et al., 2008presents the formation of a
collaborative team, composed of professionals, highlightieglistinction between starting at an
open universeversusstarting at a “local” universe — the PVC universe. In iotherds, a PVC
works as an environment able to facilitate all mechanisneslate for the formation of a
collaborative team of professionals. The tasks are dividtd two processes: the process of
joining the PVC and the process of creating a Virtual Tesnha response to a Collaboration
Opportunity. The first process involves a collaboratigneament, the set-up of a common
infrastructure and sharing common principles. The sq@ocess involves light tasks, such as
partner’s selection among peers, contract negotiation,hwhi¢aster than the one based on an
open universe because the PVC might have negotiatimegsanechanisms establistzegdriori,
and finally an infrastructure slight configuration, as thetfset-up process had already been

accomplished in the first process.

Local Universe

—h\_\iﬁf «CollaborationAgreement
Open AN Com_mon I'nfr_astructure Pile
H Y | *Sharing principles |l
Universe ) £ ,,,{7\ VT Part
—T I ’ 3 artners
SO 0 \ 7 Selection
P i SV S

A 7f* *Fast Contract
' i PVC Negotiation
*Infrastructure

*Wide partners search X .
configuration

and selection
*Definition of common
infrastructures and their | { *%
parametrization - N
*Sharing principles ‘*\ > g
*Contract negotiation _— o
«Collaboration agreement v VT

Figure 2-11 — Two paths towards the formation of adirTeam

38



2 — Background and Literature Review

The work of detailing more the creation phase ¥Ea/ VO has been carried out (Camarinha-
Matos et al., 2005and later extended i(Camarinha-Matos et al., 2008k3s represented
Figure 2-12 The authors pointed out 7 distinct stages in\is VO creation phas
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Figure2-12 - VE / VO Life Cycle - Creation Phase
These stages are:

1. Collaboration OpportunityCharacterization: this step involves the identiima and
characterization of a new Collaboration Opportu@0), which trigges the formation
of a new VO.

2. RoughVO planning: determination of a rough structureted potential VO, identifyin
the requireccompetence and capacities, as well as the organizational fafrthe VO anc
corresponding roles.

3. Partners search and selection: this step is devitethe identification of potenti
partners, their assessment and selet

4. Negotiation: is an iterive process to reach agreements and align needgwmiposal:
Detailed VO planning: once partners have been leand collaboration agreements
reached, this step addresses the refinement &@hglan and its governance princip

6. Contracting: mvolves modelling of contracts and agreements dsagethe contractin
process itself, before the VO can effectively hentzhed

7. VO launching: the last phase of the VO creationcess, i.e. putting the VO in
operation, is responsible for tasks sucs configuration of the ICT infrastructui
instantiation of the collaboration spaces, assigriraad set up of resources, notificat

of the involved members, and manifestation of tbw WO in the VBE

This division is of particular importance, as itll be described in Sectio8.2.Z, where the
Business Process Modelling is covered; namely gitieimappingbetween the Rough Planni
stage and the abstract Business Process Modelptoies will be introduced, on one hand, i
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the mapping between the Detailed VO Planning ssagkethe executable Business Process Model
concept that will also be introduced, on the otfeerd.

It is also worth to analyse these seven phasehefQN lifecycle from a services
perspective, particularly considering services thik be provided by human actors, although
supported by ICT elements. This last factor is aftipular importance because the service
provider is not a computational resource that igseeied to be available all the time. Table 2-6
addresses this analysis highlighting particularst@mnts for the services perspective and further

details added by the human service provision factor

Table 2-6 - CN Creation analysis in a service psrpe, applied to Senior Professionals

CNP(f]rae:;mn Services Perspective Human Service Provider Constraints
Collaboration | Hierarchical mechanism should be
Opportunity | used for the composition of services,

Characterization

Rough VO
planning

allowing the definition of CO in a

higher level at a first place and
detailed services level in a second
stage. Service skeletons or interfac
that are commonly accepted should
be used.

Human Service Providers should also
sgommon interfaces for the services the
are willing to provide.

Partners search
and selection

Identify and select those entities thg
can provide the needed services.

Scheduling constraints have to be
considered and some negotiation

—

Negotiation iterations may take place.
Detailed VO ) o ) ) ) )
planning Consider the possibility of service providers beeamavailable atuntime The

Contracting

inclusion of one “second choice” sel

ection can bestdered.

VO launching

CO execution engines should be ab
to launch each service at the right
moment / in a pre-defined order.
Monitoring mechanisms and
recovering from failures should be
considered.

le
Since the provision is made by humang
the inclusion of ICT systems can help
humans start their services and deliver
the corresponding results.

ise

In fact, the creation phase of CNs is the main $ootithis dissertation, although the operation
phase is also addressed. In this early stage dNas@dying the profile and competences of

potential partners and their subsequent selectieriveo mandatory issues to consider. In these
two fields several initiatives were also identifiedthe literature, some of which are highlighted

in Table 2-7 and Table 2-8.
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Table 2-7 — Competences / Skills Profiling reseandfatives

Referenc Innovative Contributio

Ermilova and Afsarmanesh propose a “Profiling andn@etency
Management System (PCMS)”, based on three lev@& Member,
VO and VBE. These competences appear in the pasii¢hese three
elements and characterize what such VBE can aifére market and
society.

(Ermilova and Afsarmanesh
2006)

The authors tackle Human Resources Manage and propose
formal ontology for competency management and ciemshree
(Fazel-Zarandi and Fox, 2010Yeasoning problems related to HRM, namely: deteingithe set of
skills of an individual, conducting competency gagalysis, and
determining whether an individual satisfies a $eequirements.

Rosas et al. divide competences in levels: hard competences &
soft competences. This paper focuses in the latermpgas
competences from a “behavioral perspective” thatitlwolved
organizations must be apt to exercise towards dHaloration
success. The authors propose a model integratasg thwvo kinds of
competences allowing the construction of competepeefiles.

(Rosas et al., 2009)

This paper tackles the optimization of assignmémasks to human

(Hlaoittinun et al., 2010) resources according to their competency levels.

The profiling of CN members including the descoptiof their competences is a mandatory
element for the creation of a VO in response toodaBoration Opportunity. In fact, this is the
base element for finding CN members that are abpgrdvide some service and become potential
partners, usually made through a match-making gsyder example. In this research work, this
profiling / competences is also addressed and stgclin Chapter 3.

Table 2-8 - Partners’ Selection research initiative

Reference Innovative Contribution

The authors propose an iterative and interactiydoeatory process to help the
decision maker identify the companies that bedttheineeds of each particular
project for the corresponding partners’ selection.

(Crispim and Sousa,,
2008)

Jerimo et al. propose an understanding of partnerstteh as a wor-
(Jarimo et al., 2006) allocation problem, applying multi-objective crigefrom goal-programming
techniques. Virtuelle Fabrik case-study is addmsse

This paper addresses the application of mathenhagcésion-analysis in a
multi-criteria partners’ selection. The proposddsiinto account historical data
in order to assess robustness of potential partners

(Jarimo and
Korpiaho, 2008)

The authors address the Value Syss adopted by the CN memb and the
needed alignment towards collaboration successopgsal for the definition of
values and their evaluation is made. The paperm@lgooses a formal conceptual
model for Value Systems and discusses its appicain the management of
CN context.

(Camarinha-Matos
and Macedo, 2010)

This initiative highlights the need 1 negotiation before thselection process,

Cefrgg\r/iilfzz-alt/rl]:tos order to make decisions concerning roles, taskation, defining VO operation
2008) ' | conditions, etc. The paper proposes a wizard &nheinonment that supports the

negotiation among VO partners.
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Reference Innovative Contribution
This initiative considers the analysis of factoxan a “soft” nature, as
(Rosas and organization's character, willingness to collaberat affectivity / empathy
Camarinha-Matos, | relationships. These elements are then used tesaigereadiness of such
2008) organizations to collaborate and propose an assggsnmechanism aiming to

determine how prepared organizations are to joil®a

Msanijila et al. address the problem of trust in@context as a pre-condition
for a smooth collaboration, especially for the pars' selection task. The
authors propose an objective approach for asseigrigust level and
establishing trust relationships among organizatithrough defining: the
hierarchy of trust elements, the impacts of varigaisies of trust criteria on the
trust levels, and the causal influences amongrdiffietrust criteria. Three VBE
trust objectives are identified: 1) among VBE memtrganizations; 2) betwee
VBE members and VBE administration; and 3) betwiberexternal
stakeholders and the VBE itself.

(Msanijila et al.,
2008)

=

After the CN members profiling including their coetpnces characterization, the partners’

selection process may take place, promoting peatiepséirtners to members of a VO. The issues
involved in this process are addressed in Chapterafhely considering scenarios of several

potential partners from which one has to be salecibe use of trust elements, as suggested by
Msanijila et al. or multi-criteria mechanisms asirdar et al. propose, are some of the needs
addressed in Chapter 3.

Another aspect that is also closely related tos#lection of partners is historical data
concerning their performance in previous collabigeatexperiences. For that reason, the
performance measurement mechanisms gain spe@atshtand have been considered in several
research initiatives. The creation of an ecosydfiesh fosters the collaboration among distinct
entities, as the proposal presented in this desent needs to support performance measurement
mechanisms in order to feed up the available dat@d with this kind of information. In later
stages, this data will also contribute the selectibpartners. In this particular case, the ecesyst
itself will track collaboration cases storing perfance data for future use. Table 2-9 highlights
some of these research works.

Table 2-9 - Performance Measurement researchtinés

Referenc InnovativeContributior

Baldo et al. address the selection of the perfoonaamdicators that should be applied|to
(Baldo et al., | drive the partners search through the proposalnabaelling process designed to
2008) support finding appropriate performance indicatbeg can be used to compare and to
suggest organizations that are able to fulfil besinrequirements.

(Francisco et The authors address the help that performance reareyg systems give to decisi
L 2010 makers assessing the alignment among participact<CN. A dynamic performance
al., ) management system is proposed.

(Kim and This initiative propose a generic framework forf@anance Management based on the
Kim. 2009 Balanced Scorecard approach, establishing causeféaul relationships between
im, ) performance indicators to define a generic stratagp.
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[

Reference Innovative Contribution
The authors tackle "soft elements”, like socialiedn the competitiveness within
(Macke et al., | collaborative networks, through identifying interganizational social capital element
2010) and their relation with collaborative networks' quetitiveness. Three social capital
dimensions are identified: structural, relationad @ognitive.
(Abreu and T'his yvork addresses the social capital importancéhe success of a.CN. The autho
Camarinha- highlight the lack of models that may support theasurement of social capital and

Matos, 2010)

propose the usage of social network theory to agbesvalue of social capital of CN
members on a VBE.

%]

(Seifert et al.,
2008)

Seifert et al. address the support on the formaifonOs, using performanc
measurement to identify and evaluate the optimalork configuration. The proposal
is based on the storage of past performance intiwmapon which potential partners
may be evaluated in the selection process.

(Stich et al.,
2005)

This paper argues that new forms of performancesoreanent need to be developed
considering the new characteristics of CNs. Theepapggests an alternative
benchmarking approach, which is more suitabledday’s need of flexible adaptation
of organisations towards market requirements.

(Odenthal and
Peters, 2006)

This initiative tackles the reorganization of thgpgly chain in the aerospace industry|
within the research project AerViCo - Aerospacetdal Company, where employee
performance behaviour was addressed towards inogelabour productivity.

(Martins et al.,
2003)

This initiative tackles the quality into enterprisanagement within a virtual enterpr
context. The authors propose the inclusion oftellifecycle phases into the scope of
quality management in a third-party auditing medsrarnintegrated with the virtual
enterprise model.

As the main inspiration approach for this dissetais service orientation, it is worth to mention
some of the initiatives that connect the CN ared sumch approach. In fact, several research
initiatives have addressed CN challenges throudgh $ervice orientation paradigm. Some

example initiatives are shown in Table 2-10.

Table 2-10 — Other examples of service orientdihinies in CN

Referenc Innovative Contributio

Franco et al. propose a first notion of serviceraggtion through the
concept of Service Entities as the base elemespport structural and
functional Collaborative Networked OrganizationN@) modelling.

(Franco et al., 2009a, 2010

Shen et al. target the interoperability constraimtsisting in a
collaborative environment and propose the usageebtservices along
with software agents towards service selection emegration in a
collaborative environment. This work focuses the naiacturing
schedule problem.

(Shen et al., 2007)

In this paper, the authors tackle th-procurement issue in the area
industrial services. A classification of services rmade concerning
trade-ability, intangibility and labour intensitfhe authors propose
conceptual model highlighting the interaction begweclient and
provider, where Collaborative Networks are con®dens strategy,
among trust between buyer and seller.

[

(Herfurth and Weif3, 2010)

Osoério et al. tackle the transportation systemsastfucture as
collaborative network of service providers. Thisriw@ddresses th
discussion of an approach to the required ICT-basedlligent
infrastructure towards forming a collaborative netlv among the
transportation services stakeholders.

(]

(Osorio et al., 2010)
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Beyond the base CN organizational forms and tleeclicle study, several other facets of
the CN discipline are also relevant and worth tasider for the construction of PASEF. The
following list highlights three particularly relewaones:

» Elderly Care — the research area of collaboratatvorks opened several challenges.
The EU funded research project ThinkCreative, vaas¢hed in order to identify what
those challenges were in distinct world regionsnf@anha-Matos and Afsarmanesh,
2004). At that time, one of the early articles taxk the application of CN to elderly
care was identified in (Camarinha-Matos et al.,08mong other collaborative forms
that were appearing.

* CN Services Lifecycle Support — Another challenggxgmple can be found in (Salkari
and Hytonen, 2006), where services lifecycle amdresked. In this particular case, as
enterprises provide their services through VOsy #nsgablish short-term contracts for
the provision of such services. Nevertheless, dieme starting to demand services’
lifecycle support that would require long-term coitment.

» Reference Modelling — the work on the creation eflerence models for the CN
scientific discipline has also gained much attentiy the research community in the
last decade. Some examples of this effort are:

0 (Camarinha-Matos and Afsarmanesh, 2008a, 2008tfininlg the reference
model framework of ARCON.

0 (Berasategi et al., 2011) — defining the TALAI-SBRO framework, which
includes a reference model, a set of analysis taats a methodology for
implementing the Collaborative Networked Innovatiprocesses within a
Collaborative Networked Organisation.

o0 (Msanjila and Afsarmanesh, 2008) — addressing ffferehces, preferences
and interpretations of trust among CN members.

0 (Abreu and Camarinha-Matos, 2008) — addressingbdreefits taken in the
participation on a Collaborative Network.

2.4. Technological Baseline

The Pro-Active Services Ecosystem Framework isdasethe services paradigm, as mentioned
before. Thus, Web-Services and Service Orientedhitecture are a major contribution for this
work. The second major technological contributiames from the Multi-Agent Systems area.

Finally, the area of Blackboard Systems also cbuates for the creation of this framework.
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Figure 2-13 highlights the main characteristiceeath of these three contributing areas that are

crucial for the creation of PASEF.

| Pro-Active Service Entity Framework

Blackboard Sys. * Autonomy
* Autonomy &
a . > | * Social-Ability
© * Interoperability * Mechanisms: 4('2
> * Clients post Needs / Business o « Rationality
pl e 2%
@ | « PplatformIndependence Opportunities (0]
UP * Groupelements become <F + Reactivity
g « Encapsulation “Opportunistic Agents” =
3 =} * Pro-Activity
* Availability / Discovery =
*  Adaptability
Figure 2-13 - PASEF technological inspiration areas
2.4.1.Web-Services, Service Oriented Architectures T
and Cloud Computing '

Service Oriented
Architectures

Collaborative
Networks

Blackboard Systems

Web-Service is a concept that has been introdused @

Services
Science Multi-Agent

Systems

software system designed to support interopergbilit
between electronic devices over a network, accgrttirthe
W3C (World Wide Web Consortium). In other words;anstitutes a mechanism that wraps some

functionality or service from a provider, which cha called or invoked by a client, potentially
from a remote location. As web-services may be @reghwith methods or functions, they may

receive input and produce result data. Two hypatale¢xamples:

1. “Translator” might be an entity that provides ansiation service between the most
commonly used European languages. In this caseinthg data of the corresponding
web-services would be the text to translate thegimal language of the text and the
destination language. The result would be the kated text. A client for this example
could be a web-site written in a specific languabet displaying flags for the
functionality of layout in any of the available tigt languages. Whenever a person visits
this site and clicks one of these flags, the websibuld show the content in the desired
language. Behind the scenes, between the momemt thhgoerson clicks the flag and the

translated content reseiviee the
europe.translator.org web-service and forwardsélalting translated text or content to

is shown, the web-server request, calls

the original client’s browser.
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2. “Travel” might be a tourism booking entity with tf@cus on integrated tour packages. In
its web-site it might show special weekend packagégth flight information,
accommodation and local tour booking facilities. &lver a person selects a specific
weekend program and clicks “book”, he or she wdnddooking all the services included
in that weekend package. Behind the scenes, betwlemnclick and the resulting
confirmation, the web-server would call all the wssbvices corresponding to the

elements of that package.

Web-services came in a sequence of technologigabaphes for integrating distributed systems.
One can state that this sequence evolved with t&im moals: 1 — hiding complexity from the
developers, on one hand, and 2 — solving interdyd@yaconstraints, on the other hand. Some of

the main elements of this evolution are listed Welo

* Sockets - the method to connect two distributedesys was made through sockets that
introduce a pipe between them, through which datebe sent and received. One of the
major limitations of this approacper se is that the two systems had to know all the
details from each other in order to use it, bothcemning location, data format and so
forth.

* RPCs - later on, the Remote Procedure Calls wetmdinced, restricting the
communication to function calls that might be madenotely. There, a middleware
software layer was developed in order to deal withroperability constraints between
the client and the server. These were the Clianth sind the Server Stub. The main
limitation of this approach was the need for theellgpment of these stubs and the fact
that they are dependent on the development enveohm

« RMI - the Remote Method Invocation mechanism isithglementation of the RPCs in
an object oriented (OO) environment, whilst RPC keadr in a functional environment.
Although it might seem simple to make the transfion from a functional model to
0O, this process is much more complex given thesiples endless relations or
connections between objects. For example, if Adamobject from the class CPerson, is
used as an input parameter of a method, theravarpdssibilities for the implementation
of the call: 1 — making a copy of Adam and callihg method; 2 — making the call of the
method with a reference to Adam as a parameterbléins do exist in the two
hypotheses. In 1, any update to Adam would leawe dhiginal Adam outdated.
Furthermore, if CPerson is connected to CDepartmemith is connected to CEnterprise,
and CPerson is also connected to CFamily, the atrmfuobjects that might have to be

copied is endless. Somewhere references have itdrbduced. The main problem with
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the references is that the network connections trbbgiscome broken, and even if that
occurs in a short time-frame, the whole integrapoocess is compromised.

* CORBA - on top of RMI, the Common Object Requesbker Architecture was
introduced mainly in order to normalize the methmgcation either in the same address
space or not (same host or remote host on the ritvildhis interoperability achievement
was made through the usage of an IDL (Interfaceniefn Language), towards creating
a mapping between client and server environmeritis. drchitecture is widely used, but
it still suffers from some of the limitations of RMind RPCs, namely the middleware
development effort needed. Furthermore, the needrfdDL definition dictates that the
Objects within a CORBA environment are not indepsricbr autonomous. As a result of

this limitation, CORBA usage is mainly restrictedANS.

The Web-Service approach tackles this “independdimoéation, trying to follow the evolution
trend towards Wide Area Networks (WAN) environmentsough the usage of standards that
evolved in the last two decades. Figure 2-14 shtiwesintroduction of these standards in a
timeline. At the beginning, in the 90s, the eXtbtsiMark-up Language (XML) had a major
impact in systems integration because it was aleagh the design goals of simplicity,
generality and usability over the Internet. On¢hef first initiatives taking benefit from XML was
the creation of a protocol for exchanging struduneformation — the Simple Object Access
Protocol (SOAP). This was the base protocol fordppearance of the Web Services providing a
basic messaging framework upon which web serviaasbe built. Later on, in 2007, the Message
Transmission Optimisation Mechanism (MTOM) was regd by the W3C as a recommendation

towards supporting the transmission of attachments.

Figure 2-14 — Web-service related standards

In this first phase of Web-Services, it became iptsgor any enterprise to publish its web-
services in the Internet, aiming to reach a worttbviange of new potential clients. As time
proved, these worldwide potential new clients’ Hirdid not happen. Many Web-Services were
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not used / exchanged mainly because they werenwotrk by such worldwide potential client set,
especially at the SME level. Only big companiestadvantage of this new approach, based on
their “marketing machinery”. Moreover, the need foiservice description that could help the
systematic service call did not exist at that tiffibis was also an inhibitor factor for a wider

usage of this technological approach.

Because of these two problems (neither standaxdceetlescription nor mechanisms to
find services were available) the creation of thviersal Description, Discovery and Integration
(UDDI) was launched and the Web Service Descriptimnguage (WSDL) created.

The UDDI approach “was born” in August 2000 aimiagproviding central registries
where clients could find services through a brogermechanism. At that time the authors had a
vision of a world in which consumers of Web Sersigeould be linked up with providers through
a public or private dynamic brokerage system. Tleelmanism was simple, but the public form of
UDDI turned out not to be realistic / profitablegitmer used as widely as envisioned. In 2006,
IBM, SAP and Microsoft announced closing their UDidides.

WSDL was first created for combining two servicesatgption languages: NASSL
(Network Application Service Specification Langupffem IBM and SDL (Service Description
Language) from Microsoft. WSDL can be described %ML specification including collections
of methods that can be called over the networkledatnetwork endpoints”. Through this
description, the client can check available sesjicgelect the desired one(s) and make the

effective call(s) using SOAP.

Although this approach did not succeed publiclye tmachinery” was built and the
corresponding knowledge attained. Nowadays, disfioens of UDDI are working, but rather
than the Universal scale, local or economicallyrieted scales are being adopted, as foreseen in
(Charles and Christoph, 2008). In fact, this tedbgical evolution mostly became restricted to
environments that could be controlled, instead mgm One example of usage of UDDI is the

Microsoft BizTalk server.

Nevertheless, after the appearance of UDDI, teettigispeaking, it became possible for
one system to find Web-Services and make the sewadls, through the usage of WSDL and
SOAP. At this point of the Web-Service evolutiostiict branches followed diverse directions.
One example of research has tackled the schedmoigems using XML-RPCs, as discussed in
(Varela et al., 2003) and further detailed in (\faret al., 2004). Nevertheless, the main research
focus was pointed to service composition. In otherds, the possibility to create services that
could result from the composition of “simpler” sems from potentially independent entities.
This was the advent of the Service Oriented Archites (SOA), in the year of 2006. At that
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time, technologies like the XML Process Definitidtanguage (XPDL), Business Process
Execution Language for Web Services (BPEL4AWS) osiess Process Modelling Notation
(BPMN) have contributed to a boost of this web-smrevolution to a higher integration level.

XPDL is an XML language created for interchangeuafcess design, in 2002. It is based
on the Workflow Process Definition Language (WPDtjeated in 1998 to support workflow
automation. These two languages were created byMbikflow Management Coalition that,
itself was created in 1993, as an association ceppof stakeholders with interests in business
process modelling and workflow management. The @irtihe coalition was the development of
standards and it already counts more than 300 nramheluding universities, developers,
consultants or research groups. BPELAWS was créaigel on WSFL (from IBM) and XLANG
(from Microsoft) — two similar approaches to delserprocess state transition mechanisms. These
initiatives provided a language for the specificatiof Executable and Abstract business
processes. There were two versions (1.0 and 1tlfrem version 2.0 the name was changed to
WS-BPEL, following a trend to harmonize all the wadyvice related standards with the WS-
prefix. Nevertheless, the commonly used name iplsiBPEL. Finally, BPMN is a graphical
representation for specifying business processeshnsiness process model. This standard was

created by the Business Process Management wtigi2005.

The support for Business Process Modelling has Ipna@gvolved in the systems
integration perspective. In the case of BPELAWSgbmmple, the tasks composing the modelled
processes are supposed to be executed by Web-&eriXevertheless, there are many business
processes where the tasks are executed by humaree there is a strong human interaction in
the process. These cases are not considered by dteedards. In fact, despite the success and
acceptance of web-services, their absence of huntaraction is a significant gap for several

real-world application scenarios.

The BPEL4People is an extension of WS-BPEL for peoformer BPELAWS. This
specification is being defined along with the WShainTask standard specification. This later
standard is devoted to roles, assignments and dlogieople groups concepts. The former
specification of BPEL4People models all the busin@socesses, this time including the

possibility for human tasks, other than the resitnicto computational elements.

Following a distinct perspective, more recently(lranco et al., 2009a; Franco et al.,
2009b), the Service Entity concept was proposetpdacing a first notion of an aggregation
mechanism for distinct Web-Services provided by shene entity. Franco’s proposal groups
information concerning a service provider plus gervices provided, all within the same

construct — the Service Entity.
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Another research branch related with web-servisesoncerned with the complexity of
the above mentioned standards, namely: SOAP, W8l The Representational State Transfer
(REST), first introduced in (Fielding, 2000), is architectural style based on Uniform Resource
Identifiers (URI), similarly to the WWW URLSs (Unifen Resource Locators), which manipulates
resources through their representation, meaningwhat we see in a webpage, for example, is
the representation of the corresponding resourdbaattime / state. Updating the webpage will
“transfer” the representation to a subsequent .statether words, according to this author,
“Representational State Transfer is intended tckevan image of how a well-designed Web
application behaves: a network of web pages (aaligtate-machine), where the user progresses
through an application by selecting links (statansitions), resulting in the next page
(representing the next state of the applicatiomd&ansferred to the user and rendered for their
use”. As the resource evolves, the representafmimsv that evolution. This architectural style
works over HTTP in a client-server model. At a glanthe REST style implements the basic
operations that can be made over resources, tegBet, Put, Post and Delete. In other words:
Read, Create, Update and Delete, which are the HaUrP methods. This mapping between
REST and HTTP is the reason why several authattseiiterature consider the World Wide Web
as the largest RESTfull example.

In 2006, the W3C introduced the Web-Service Resoliransfer (WS-RT) specification,
following a similar approach. The base idea waf®tm an essential core component of a unified
resource access protocol for the Web services spdue specification is also based on the
definition of standard messages to control res@ncamely: "get”, "put"”, "create"”, and "delete".
Later on, the WS-RT became outdated with the intctidn of the WS-Fragment that is a
specification defining how meta-data can be useddsociate Web-Services and Resources
considering that the most commonly used situatadmsiot need the entire resources but rather

parts (or fragments) of them.

Figure 2-15 represents a simplified view of the V@&aovice evolution, highlighting some

key aspects especially meaningful in the contexhisfresearch work.
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Figure 2-15 - Web-Service evolution

Although the web-services or the service orientethitectures are suitable in many scenarios, a

number of limitations can also be identified:

1. Passiveness - Providers may publish and registerservices, making their functionality
available for clients to discover and call, butstheconstructs stay still waiting for the
clients' initiative. In other words, they do notfoem any action in order to attract clients
or promote their functionality.

2. Difficult WS Selection - if the list resulting frorm query made to a catalogue has a large
number of items, a problem arises on how to mas&ection.

3. Lack on WS Selection Chances Improvement Mechanisimsthe same case of large
number of matching available Web-Services, the ideyg face a problem on how to
improve the chances that their Web-Services habe tgelected.

4. Outdated Catalogues - there are scenarios whereS&felices change their availability
frequently. In such scenarios, the informationhe tatalogues may easily become out of
date. If for example, one considers consultancyices provided by senior professionals
to entrepreneurs that are about to start their louginess, the availability of such seniors
may change frequently. Some possible reasons iocliange are health issues or simply
some leisure break that some of these servicegemimay take.

5. Lack on WS Aggregation Mechanisms — Web-Servicesated better conditions for
software composition purposes. Nowadays, a workfldefinition can support a

composition of Web-Services, in order to achievéigher level goal, or a higher
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complexity level functionality, that may itself bmoe a Web-Service, as well. However,
having one of these higher level Web-Services campof several simpler services,
each one from a distinct provider, might be famirthe optimal network. If more than
one network configurations may be made, choosingifgpartners may bring advantages.
In other words, under similar circumstances it dolog desirable to select two services
from the same provider, instead of two distinctvisers, which could lead to higher
costs related to agreement reaching processesagdregation of distinct services from
the same provider within a single construct wouttpriove this possibility. Another
reason is the reduction of the dilution of respbitiies. In other words, the division of
responsibilities among a considerable number dinpes introduces complexity, hamely

to deal with problems that might appear.

SAAS, PAAS, IAAS and the Cloud

The evolution of the web-services / service origraechitectures in particular and distributed
systems in general has triggered a correspondimfutian in the commercial environments
resulting in the so-called Cloud-Computing, or dynghe cloud. At a glance, the Cloud-
Computing can be defined as “an on-demand acceasli@red pool of configurable computing
resources that can be rapidly provisioned and seteavith minimal management effort or service
provider interaction” (Mell and Grance, 2011). kcf, it is a common understanding that not
much innovation was brought by the Cloud Computitsglf. For example, according to
(Armbrust et al., 2009), “Cloud Computing is a n@nm for a long-held dream of computing as a
utility, which has recently emerged as a commerrgality.” Another positive perspective of this
new paradigm can be found at (Buyya et al., 20@gkurRnar, 2008) stating that Cloud Computing
is a step towards the vision that “computing wileaday be the 5th utility (after water, electricity
gas, and telephony).”

Concerning the definition of what Cloud Computilsg a common definition does not
exist yet, as usual when new areas appear or @s evolve. Nevertheless, a possible definition
states that cloud computing is “a large-scale ithisted computing paradigm that is driven by
economies of scale, in which a pool of abstractedyalized, dynamically-scalable, managed
computing power, storage, platforms, and serviceslalivered on demand to external customers

over the Internet” (Foster et al., 2008). From definition, three key aspects can be highlighted:

1) the distributed computing paradigm — in a limiteshge of the cloud, all the resources,
computing power and storage may be distributechowit the need to know their exact
location or the owner of the corresponding physicathines;

2) the potential to cope with large and very-largdessaenarios — the cloud may provide

large-scale computational power and storage;
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3) the delivery on demand — in a cloud environmenleadt the ones provided by the major
commercial players, the resources become availatlye upon request and there is no
need for an allocatioa priori.

In fact, an indelible innovation aspect of thisdeis that a single free-lancer or a small entseori
may now take use of a potential large computinggraiirough an “on demand basis”. In other
words, if some new idea intends to scale to lagie sf clients, there is no need for bigriori

investments on computing resources - the resollamEaton is made as it becomes needed.

Some major players in this “Cloud era”, like Amaz¢hrough the Amazon Elastic
Compute Cloud (Amazon EC2)), Google (through theg@® Cloud Computing) or Microsoft
(through the Microsoft Cloud Power), are investinginly in computing power and storage, each
of them with a particular approach. The services/eleed by these players can be divided into

three categories (Vaquero et al., 2008):

¢ Infrastructure as a Service (IAAS) — the computiegpurces, both at the storage and
processing level, are dynamically assigned on demahis is the lowest abstraction
level, providing users the means to control somaildeof their cloud usage, like
storage properties or computing power needs.

* Platform as a Service (PAAS) — in the middle alesiva level, the resource
management is transparent for the customers thringghsage of a software platform
upon which systems run.

» Software as a Service (SAAS) — the top abstradéwal is based on the notion that
distinct kinds of customers have similar needs twad the same services can fit to
large sets of situations. One example of thisésusage of online office applications,
like word processors.

The scepticism of many decision makers, concerttiegadoption or entrance in the cloud still
inhibits a faster evolution. In fact, “if the orgaation uses a cloud based solution, it should
maintain its own data backups in addition to theseed by the cloud provider. This is generally
far easier with IAAS than with the other two moddMgiega, 2009). On the other hand, the same
author highlights the centralization risky perspext “with people now having more data and
code residing on the same few sites, such sitegnieanore tempting targets” for malicious

initiatives.

The discussion on this “Web-Services, service Q@enArchitectures and Cloud
Computing” section have addressed the main teclgieabevolution and limitations of these
technological approaches. In fact, Web-Serviceqialocope with clients expectations, namely

because they remain passive representatives ofdassservices. On the other hand web-services
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are considered as independent entities and no gajgre between services from the same
provider is made. Nevertheless, major evolution been carried out, namely in what concerns
the support for business processes, through imggtike BPEL, or in what concerns the support
of services that are intended to be executed byahathrough initiatives like BPEL4People,

which is the application case of this dissertation.

2.4.2.Multi-Agent Systems ————
\ ICT and Ageing }

Service Oriented

The Software Agents and Multi-Agent System paradigm’ <o prcifzciares

Networks

pASEF Blackboard Systems
Services

Science Multi-Agent
Systems

introduced new mechanisms and concepts to magdel

enterprises or entities. These systems can be atherzd

by four key properties, as mentioned in (Wooldrid@98):

» Autonomy — agents operate without the direct irgation of humans or others, and
have control over their actions and internal state;

» Social-Ability — agents are able to cooperate wvaitimans or other agents in order to
execute their tasks and achieve their goals;

* Reactivity — agents perceive their environment, eggpond in a timely fashion to
changes that occur in it;

* Pro-Activity — agents do not simply act in respotgetheir environment, they are

able to exhibit goal-directed behaviour by takihg initiative.

Furthermore, Wooldridge also identified a set @éfother properties concerning the behaviour of
agents: Mobility — the ability of an agent to mamund an electronic network; Veracity — the
assumption that an agent will not intentionally coamicate false information; Benevolence — the
assumption that agents share common goals, anévbaat agent will therefore always try to do

what is asked for; Rationality — the assumption #magent will act in order to achieve its goals,
and will not act as such a way as to prevent itdggbeing achieved - at least insofar as its kelief
permit; Learning — the assumption that an ageritastihpt itself to fit its environment.

In fact, the usage of the MAS paradigm has provittedpotential for the creation of a
new set of mechanisms that are being used in dewdratives in a wide range of industrial or
economical application scenarios. One particulargresting work based on this new paradigm
is detailed in (Kinny and Georgeff, 1997), thatgkts the complexity of modelling industrial
scenarios of hundreds or thousands of agents @tsjir Object Oriented techniques that have
already addressed similar scale-ability problems.
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The design and development of underlying MAS fraos has also gained the
attention of the research community and severgbqmals do exist with distinct characteristics.
Other than the needed characteristics pointed gputVboldridge, as listed above, two main
characteristics a MAS framework has to provide taee ability for the agents to communicate
with each other and the need to maintain efficiefitle current state of executing agents, as
highlighted in (Graham et al., 2003), while desaigiothe DECAF MAS Framework.

Another early interesting initiative, found in (Ber and Gutknecht, 1998), proposes a
meta-model for the analysis and design of orgaioizat in multi-agent systems, called
AALAADIN, that is based on the organizational coptseof groups, roles and structures. The
result is another MAS framework called MADKIT. Thaelaptive Agent Architecture is a third
early example of a MAS framework detailed in (Kureard Cohen, 2000). These authors

highlight fault-tolerance of MAS and propose a $iolu based on team-work between agents.

The existence of several proposals of MAS developgrfiameworks and the need for
standardization on the MAS community has induced theation of two standardization
initiatives, compared in (Islam et al., 2010):

* FIPA - the Foundation of Physical Professional Agdhttp://www.fipa.orgy, an IEEE

Computer Society standards organization that presnatgent-based technology and
interoperability of its standards and other tecbg@s. One of the initiatives compliant
with the FIPA standards that has an active commuist JADE (Java Agent
Development Framework), detailed in (Bellifemineakt 2005; Bellifemine et al., 2007)
developed in Italy jointly by CSELTQentro Studi e Laboratori Telecommunicazjani
conjunction with the Computer Engineering Grouphaf University of Parma.

* MASIF — Mobile Agent System Interoperability Fatili which is an initiative from the
OMG group, focusing on the mobile agents brancte @nthe initiatives with an active
community for the case of MASIF is the Aglets ABE&scribed in (Lange et al., 1998;
Lange and Oshima, 1998) originally developed aiBM Tokio Research Laboratory.

One can state that these two MAS development framewvbelong to the group of most
commonly used frameworks. A comparison betweenetivws initiatives can be found in (Krdl
and Zelmozer, 2008), that slightly highlights JADE the perspective of performance. Another
MAS framework comparison, that can be found in (Augnd Kansal, 2011), considers the Aglets
solution better in terms of mobility of the ageriist the JADE solution gets a better classification
in what concerns security.

In what concerns the application areas where MAS flayed a major role, several

examples can be found in the literature, like tkengple of the manufacturing sector. In this case,
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distinct approaches are proposed, taking beneiih fdistinct characteristics of the MAS. One of
the early initiatives is presented in (Shen andridpi999), conducted a survey on the possible
applications of MAS in the Manufacturing sector.oMmer early initiatives melding MAS and

Manufacturing is presented in (Barata et al., 20@I)ere the authors tackle the distributed
manufacturing systems and real-time applicatiorts discuss the usage of Multi-Agent systems
for that purpose. Later on, in (Barata and Camaridiatos, 2002), a proposal is made for the
usage of agents to model manufacturing resourcdsttaa authors propose a contract based
approach towards pursuing cooperation among tliapyof agents / resources. This work was
further developed, resulting in the CoBASA architiee, presented in (Barata and Camarinha-
Matos, 2003), focusing on a flexible approach toatyic shop floor re-engineering. CoBASA

was then applied in evolvable assembly systems JEAS presented in (Barata et al., 2005).
Another initiative melding MAS and Manufacturing psesented in (Leitao and Restivo, 2008)
aiming to increase the agility and re-configurabibf production systems through the usage of
Multi-Agent Systems. An extensive state of thesamvey concerning this combination of MAS

and Manufacturing can be found in (Leitdo, 2009t &nother study of the applications of MAS

in Manufacturing, and particularly in the Supplyadh Management area, can be found in (Lee
and Kim, 2007) which suggests that the MAS approagresents a feasible framework for

designing and analyzing real-time manufacturingrafiens, since the approach is capable of
modelling different levels of agent behaviour ayth@mical interactions. A final reference goes
to (Ghonaim et al., 2011), where the authors premosnodel for smart manufacturing systems

using distributed intelligence, rationality, colahtion and flow control.

Another interesting area where the MAS can be faaritle e-government area, taken as
an example of how diverse the MAS application areas be. In this direction, an early
specification of the requirements for the usageagénts in e-government are addressed in
(Korhonen et al., 2003). These authors argue tgavernment architectures must firstly be able
to support workflow engines, transparent reliapiind security; secondly, data needs to be
presented in a format that might be understoodllbgaaties; and thirdly it must be possible to
define distributed workflows. This article concledthat Multi-Agent systems are adequate for
the identified requirements. Later on, two exammas be found in (De Meo et al., 2008) and
(Muhammad Anwar et al., 2006) that are particulamtgresting because these are two examples

that also gather web-services strength while tagkéi-government issues.

The usage of MAS in Collaborative Networks, thattlhe case addressed in this
dissertation, has also gained the attention ofraévesearch groups. Table 2.11 highlights some

of these initiatives.
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Table 2-11 — MAS usage in CN — some examples

Reference Innovative Contribution

A distributed and nc-hierarchic control structure for a Consortium \
(Martinez et al., 2001) | allowing tasks distribution and product developmenanagement, is
proposed with a multi-agent system based solutigh self-organisation
abilities.

The support for c-ordination within a CN context is tackled in thearof
networked electronic trading and mediation of nigians. The authors
argue that mobile agent-based ICT architecture pvilivide the required
flexibility to support complex decision problems.

(Aerts et al., 2002)

This author states that Multi-Agent Systems aresicired as “a promising
(Camarinha-Matos, 2002)@pPproach to both model and implement the complexpeuing infra-
structures required for virtual enterprises andatesl emerging
organizations”.

. In this publication, the results of a survey shawlthe Software Agent's
(Petrie and Bussler, 2008)yrinciples can be useful for the creation of wehvise standards toward
an application for Virtual Enterprises.

n

These publicatiors detai the CONOISE (www.conoise.org) project tl
(Norman et al., 2004) uses agent-based models and techniques for thenaigtd formation and

(Patel et al., 2006) maintenance of virtual organisations, tackling tteed for robust, agile,
flexible systems in that context.

(Ramirez and Brena, In this initiative, the integration of the threesearch lines is considereg:
Software Agents, Service Oriented Architectures a@dllaborative

2008) Networks.

. This paper recognizes the potential of the conarctif the two research
(Brazier et al., 2009) areas of MAS and SOA and draws a roadmap identjfyiasearch
directions.

In fact, the autonomic characteristics of Softwagents, along with their pro-activity or potential
self-initiative fits in the needs of professionalsenterprises in order to create software systems
that are able to represent them. Concerning tlegiation of MAS and SOA in the CN context, a
collection of research initiatives can be found(lmotogeros, 2007), pointing out how the two

baseline approaches of MAS and SOA can be usedllin C

2.5. Other Key Research Initiatives

Some research initiatives tackle the usage of th&i& Oriented Architectures or Multi-Agent
systems to support collaborative networks. Threthese initiatives have been selected based on

their connection to this dissertation and theirtdgbation as an inspiration to this research work.
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2.5.1.ICT-1 Reference Framework

ICT-I is the approach used in the ECOLEAD projesthelp members of CNs in making
businesses and collaborations more efficiently @Ralet al., 2006). ICT-I relies on the service

oriented paradigm and is implemented with web-sesui

ICT-I acts as a CN collaborative bus allowing diffet and distributed organizations to

interact with another. More precisely, it has bdesigned with four major objectives:

¢ Collaboration and negotiation among people;

* Interoperability between ICT systems, as well asrthbility to adapt to the surrounding
environment;

« Support for knowledge and resources discover aackshnd

* Synchronization and possible interconnection betweecesses.

ICT-1 is created especially targeting a technolabisolution for SMEs, which are the major
members of CNs. ICT-1 is based on the ASP (Actieev8r Pages) model, and its services are
accessed remotely, on-demand and in a pay-per-odelnmAn important feature of ICT-I is its
capacity to evolve as new services are added ahersotare withdrawn from the Services

Federation, a logical community of services prokgde

Although ICT-I supports a major degree of autoidtive ability for the base constructs to
adapt themselves to the surrounding example, tigien also shares some of the identified
limitations of web-services, namely their passignén what concerns pursuing business

interests.

2.5.2.ManBree

ManBree is a VBE Management System based on Sdgvitiges, from the research team from
CIGIP - Research Centre on Production Managemedt EBmgineering, at the Polytechnic
University of Valencia (Ferrario et al., 2011; Feanret al., 2009a; Franco et al., 2009b). This
initiative addresses three main functionalities:B/Blanagement, VO Management, and Service

Entities Management.

The most innovative aspect of ManBree is its baseept, the Service Entities, as well
as the support of the lifecycle of this base cohtlegt is integrated with the VO lifecycles. As

mentioned before, the Service Entity concept emdmraa finite set of business services,
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identifying the behaviour of the corresponding t#edi and a finite set of attributes aiming the

characterization of such entities towards distialging them.

ManBree supports the definition of Abstract Senkegities (ASE) in a first place, where
a skeleton of attributes is included. This defonitis abstract because it is not yet instantiaded t
specific values from any entity. Afterwards, théiative supports the instantiation of such ASEs
into Concrete Service Entities (CSESs), introducihg particular values of each entity that is
joining the system. Finally, this CSE is register@@n open repository, where it can be searched,

discovered and used to participate in a given VO.

As mentioned before, the ManBree is one of theitatpn initiatives, especially because
of its first notion of aggregation, including disti services from the same entity within a single
construct — the Service Entity. The base conswwfi®ASEF — the Pro-Active Service Entity —

extends the Service Entity concept, mainly throtinghaddition of pro-activeness.

This notion was borrowed for the base construcPASEF — the Pro-Active Service
Entity. Nevertheless, this approach also lacks twn ibtroduction of pro-activeness or auto-
initiative towards actively representing CN membdousiness interests instead of “delegating”

all the initiative to the client side.

2.5.3.KIMM Framework

KIMM is an engineering framework based on serviderded architecture and agent
technologies. This framework was developed by tbeeln Institute of Machinery and Materials
(KIMM) aiming to provide an integrated environmettt support collaboration among the
elements participating in a product developmentgss. The main features of this framework are

the integration of distributed resources and tloh@stration of engineering activities.

The framework follows the 3-tier software developinepproach, organized in: a
presentation tier, responsible to provide distintérfaces to the users; an “engineering process
layer”, responsible for the engineering procesaesd; an “engineering resources layer” (Kuk et
al., 2008).

In this framework, the usage of Service Oriented¢hffectures is done based on the
notion that this is a promising approach to suppgrintegration and collaboration of distributed
resources. The reason for the usage of multi-aggstems is made in order to utilize agent’s

capabilities to negotiate in an autonomous marnites.framework includes 4 kinds of agents:
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« Interface Agent (IA) is an agent responsible fag thterface with the distinct kinds of
users: designer, project builder, system admirigstratc.

* Engineering Server Agent (ESA) is the agent thaesponsible to manage the workflow
defined for an engineering process, controllingstaeting and ending of tasks.

* Job Management Agent (JMA) is an agent respontalgeipport multiple jobs efficiently
in the multi-user and multi-job environment.

« Monitoring Agent is specially designed to faciléahe monitoring of agents’ behaviour

in the system.

Although KIMM's initiative addresses the passivenéssue identified as a “bottleneck” of web-
services, the pro-activeness of the proposed beseents are restricted to a negotiation between
agents mainly concerning workflow issues. One ktioin of this approach can be stated as a lack
on the usage of the auto-initiative aspect for othesiness-oriented goals, like finding business
opportunities or the ability to improve the chanee€N member has to see its services selected

among competitors, based on QoS, for example.

2.6. Chapter Discussion and Conclusions

ICT and Ageing

Service Oriented

Collaborative Architectures
Networks

PAS E F Blackboard Systems
Services

Science 77 Multi-Agent

Framework gathered inspiration from the three Ilayef Sl

The creation of the Pro-Active Services Ecosystém

contribution described in this chapter — the coteapand the technological, along with the
application domain contribution. Regarding the teathgical layer, as it will be shown in the next
chapters, PASEF is positioned in the borderlinevbeh Service Oriented Architectures and
Multi-Agent Systems, trying to gather relevant teas of both areas, as highlighted Rigure
2-13.

In fact, the service paradigm orientation of PASIERds to the adoption of Service
Oriented Architectures. Nevertheless some of tkeatifled limitations of Web-Services and SOA
are the focus of this dissertation, namely: thespasess of Web-Services, the limitations of the
selection processes both for clients and providkespossibility of catalogues becoming outdated
in certain scenarios and the isolation / no agdiegaf services. The adoption of Multi-Agent
System’s concepts and the inspiration on the Seilwitities approach will try to overcome these

issues in the following chapters.

It is also interesting to notice that as the Cl@anputing is based on SOA, it inherits all
the above-mentioned limitations of Web-Services.tRat reason it would be interesting to study

the possibility of implementing the Cloud Computioig top of computational elements that have
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auto-initiative and pursue business interests, @k Whis exercise was postponed to future work

challenges, as described in Section 6.2.

On the other hand, from a higher abstraction petsme PASEF is a contribution to the
newly created area of the Services Science, ateitds to contribute in the creation of a “bridge”

between the ICT world and the Business world.

In what concerns the relation between PASEF andrésearch area of Collaborative
Networks, as the focus of PASEF is on servicesigeavby persons, rather than computational
services, the CN branches that apply to PASEFherétofessional Virtual Communities and the
Virtual Teams that are created from such groupsieller, in the example application scenario

of consultancy services provided to entreprendhesservice providers are Senior Professionals.

Furthermore, as the two illustrative behaviourglezs$s addressed as proof of concept are
finding Collaboration Opportunities and Improvingrice Selection Chances, the CN lifecycle
phases that apply are the creation and evolutiom GN. Nevertheless, the other phases of CN

lifecycle will also be addressed in future work.

The following chapter introduces PASEF conceptsragnthe mentioned contributions at
the conceptual level. Chapters 4 and 5 introdueeptioof of concept prototype design and the

corresponding validation.
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3.Pro-Active Services Ecosystem Framework

This Chapter introduces the Conceptual Frameworated do model services offered by Collaborative
Networks members within a collaborative Servicesslgstem, introducing service representatives. The
self-initiative characteristic embedded in thesedsiling constructs has the aim of representing CN
member’s services in an ambassador like mannemrdsvpursuing the business success for their sesvic
This goal is reached through the provision of treeded means to construct behaviours that can, for
example, find new business opportunities or in@ealection chances among competitors. The
collaborative Services Ecosystem is also introduesda space that induces and supports a smooth
Collaborative environment for the elements thatnjdhat organizational structure — the service
representatives. On the other hand, this ecosystaeks all collaboration opportunities’ lifecyclas well

as Client’s Satisfaction towards Quality of Sendssessment.

3.1. Re-Visiting the Problem

3.1.1.Current Situation

The area of Collaborative Networks (CN) countsadsewith a well defined conceptual baseline,
namely in terms of Reference Modelling, as welMethods and Tools. The involved research
community identified distinct perspectives to studpd model the collaboration between
independent entities, as presented in (Camarinhadvi al., 2008a) and (Camarinha-Matos and
Afsarmanesh, 2008c), as well as to offer new meashaand tools to foster such collaboration
through the usage of Information and Communicatibechnologies. From a pragmatic
perspective, the main objective of this recentrgdie discipline is the provision of a conceptual
framework and the corresponding artefacts to mateh collaboration. The discipline itself
embraces not only ICT, which is used to supporctilaboration, but also other perspectives that

have to be considered, like the legal constrainsoio-economic aspects, for example.

In terms of technological approaches used for teeeldpment of CN support tools,
Service Orientation is one of the major paradigsedunowadays. This choice has been made for
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supporting the processes in distinct phases ofratiOrganization or Virtual Team lifecycles,
as well as the underlying Virtual Organization Rfeg Environments or Professional Virtual
Communities, respectively.

Nevertheless, as mentioned in the State of theCAgpter, Web-Services, present some
limitations. Two of these limitations are:

» Passiveness - Web-Services are passive constnuitis sense they stay still waiting for a
third party initiative - the client's initiative.HBy do not perform any action aiming to
attract more clients or to adapt to distinct madgatditions.

* No aggregation - The existing mechanism used t fieb-services is based on queries
made to UDDI-like repositories, following a formadtion specified in the Web Service
Description Language (WSDL). If a given Businesp@nunity requires the composition
of 5 distinct Web-Services, for example, 5 queders made to the registry, resulting in 5
independent answers. In this composition scendricould be desirable to consider an
integrated approach fostering the possibility ofihg more than one service provided by
the same entity. This reduction of the number efdeel CN members for that case would
naturally decrease the partnership agreement maakfforts and other transactional

costs.

Within a VBE or PVC context, as the network evolvé& number of members may increase. As
a consequence, the number of potential provideredoh service also increases. In this scenario,
the chances each CN member has to see its selviieg selected among the competitors
naturally decreases. To some extent, this factus td the nature of the base constructs (for
example the Web-Services), namely because of gasisiveness factor. In fact, the creation of
constructs that benefit CN members’ expectatiorsinie add elements of auto-initiative towards
pursuing business success, instead of waiting fdreat side initiative. On the other hand, one
could argue that if all the service representathage such auto-initiative elements, the expected
advantage seems to disappear. Nevertheless, evesucim scenario, the ones using best

representation behaviours would still benefit agatompetitor representatives.

Another aspect that is a limitation of current aygmhes based on catalogues of services is
the fact that such catalogues store data that doeseflect any dynamics of services, namely
concerning their availability. If for example a givservice provider becomes unavailable, even if
that happens only in a short timeframe, the cateegdo not have the mechanisms to easily
reflect that fact. This situation raises the pdfisibof an “erroneous” partner selection if a
(temporarily) unavailable provider belongs to thesult of some search query made to the

catalogue. Table 3-1 summarizes the main bottlenetkurrent approaches.
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Table 3-1 — Some Limitations of

Current Approaches

Limitation

Current Situation

Desirable Situation

Service Concept
Understanding

Business and IT people ha
distinct understandings of th
Service Concept.

dlthough distinctfocuses may exist,they
eshould complement each other and th
integration should also be considered.

Technological

Web-Services stay still waiting fg
a client-side initiative.

Instead of passiveness, behaving towi
pursuing business success would
rdesirable. Finding new
opportunities  or  improving  servic
selection chances are two examples

Approach possible behaviours.
An integrated approach for servi
Distinct services are treatedcomposition potentially decreases t
independently. number of needed partners for a spec
Business Opportunity.
Scalability Large scale scenarios decre| High level QoS should be the elem:

service’s selection chances.

improving service selection chances.

Outdated data

Service Catalogue’s data m

become outdated.

Some mechanisms should exist to ref

busines

he
ific

dynamic service availability.

3.1.2.The Research Question and Hypothesis - Discussing Implications

Assuming the current situation, the research questispecified in the Introduction can

revisited and their implications detailed.

R.Q.-1

Hyp. 1

If the representation of services offered by Calfaltive Network

Is it possible to create a collaborative
services ecosystem in which the memh
of a collaborative network are modelle
by computational elements that active

represent their business interests,

inspired by an “ambassador-like” role?

members is made using elements of Pro-Activerress t
enterprises, professionals or organizations candfiei terms of
the chances they have to see their abilities seteahd a better
fitness between them and the clients can be achidVes
representation can then be built upon an aggregationstruct
(including distinct services an entity can provided embedding
behaviours towards finding new Business Opportesiind

promoting the represented Services, all in an aniiiative basis.

be

The main elements from the Research Question ltladorresponding Hypothesis can be

highlighted and further detailed. First, the creatof a collaborative services ecosystem leads to

the need of a clarification of what is meant by tb¢osystem. The idea behind this expression or

concept is an environment where the base elemeetseaavices and the aim is collaboration

among the corresponding providers towards shardmgpetences and risks. The word ecosystem

induces that all the surrounding elements needeth&b service provision made in a collaborative

manner should be present. In fact, the creatiosuzh environment will need to support a

community management, in a first place, in orderettggage the CN members in such
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environment, as well as the specification of whatytare willing / able to provide. Furthermore,
there has to exist the tools and mechanisms tratide the means to specify collaboration
opportunities, corresponding to client needs. As ¢hients are not intended to deal with the
complexity of the specification of documents débgil their needs into collaborative
specifications, including the services providedhivitthe ecosystem as well as the selection of the
CN members that best fit each case specificitiesjrttroduction of another actor that would play
an intermediary / broker role might be useful. Tihi¢ermediary would bridge the client
perspective and needs through the correspondinglsididat express which services from the
ecosystem have to be included in each case andyerspecific members of the community in
such CO. Finally, the runtime will also have todupported by the ecosystem framework in order

to launch each service provision at the right mamen

Concerning the computational elements that modeth €N member’s services, as it is
stated in the research question, they are intetalexttively represent business interests. This
auto-initiative characteristic, namely for findingew collaboration opportunities where the
represented services may be included, introdueesehd for the framework to provide the means
for the definition and configuration of the behawi® of such constructs. As a detailed definition
of behaviours may be too complex and / or time-oamneg for all the providers to have to define
/ configure their service representatives, the éaork also needs to find an easy way to perform
such tasks. A possible solution is the definitiéthe most commonly used behaviours that could
be made by specialists from the ecosystem. Therefioe CN members would only need to select
the ones that best fit their needs and slightlyfigane them. As a result, the computational
elements representing each CN member’s servicdd behave in the “ambassador-like” manner

mentioned in the hypothesis, towards represengngces through the pre-defined behaviours.

R.Q.-2 Hyp. 2

If a new Quality of Service Mechanism is createded on

Is it possible to create a new Quality of

Service (Q0S) assessment mechanism that distinct QoS characteristics, that can benefit framactive
benefits from an active representation of the service representation, forming QoS Criteria it htipe
services from CN members, towards providing_) possible to feed up a collaborative Services Edeaysvith QoS
accurate and up-to-date data for clients to data that may benefit final clients whenever a chdias to be

choose between competitor proposals?

made between two competing service provision papos

The main elements of the Research Question 2 amadiresponding Hypothesis can also be
highlighted and their implications further detailéfdone considers the active representation of the

CN member’s services, as stated in Hypothesis € ntechanisms to assess quality of service
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might be updated / upgraded in order to considéaké advantage from such non-static

characteristic of the computational elements thadehthe services a CN member provides.

On one hand, as these representatives are nohgvéiti a client initiative, they may be
able to provide up-to-date data concerning theices\they are representing. This fact overcomes
the problem of catalogues becoming outdated, asiomexl in the previous section. On the other
hand, the ecosystem itself might have the abilftassessing the QoS of the behaviour of such
elements. This QoS data could then be stored witileérecosystem in order to benefit the client
with the access to such information whenever hsherneeds to select between two competing

service provision proposals.

The proposal made in Hypothesis 2 for the creaifd@oS Criteria based on distinct QoS
Characteristics suggests that the historical deatheged by the ecosystem, along with
characteristics from the proposals for each specHdise can be used together. As a result, given
the complexity factor that this might introduceptievels of usage might be foreseen, similarly to
the cases of the client needs specification andavielr definition: 1 — the specialists /
administrators level — where the distinct criteriesrdefined; and 2 — the CN members’ level —

where criterion is selected and slightly configured

R.Q.-3 Hyp. 3

Is it possible to create a mechanism, within a If a new framework is created modelling the seic&l members

collaborative services ecosystem, for service - . . .
are willing to provide through the usage of actémmputational
composition processes relying part of thege— o .
. elements, it might be possible to delegate on silehents part of the
processes on the computational elements that

actively represent such services? responsibilities related to service compositiongasses.

If the representation of the services CN membegsvalling to provide within a collaborative
services ecosystem is made in a pro-active matimenygh behaviours performed by the service
representation computational elements, it mighpassible to take advantage of this behavioural
aspect also in the services composition processaxther words, if part of the configuration of
such computational elements is the definition /figamation of their behaviours, it might be
possible to create behaviours dedicated to péatteofervices compositions processes and include

them built-in such computational elements.

One particular example of behaviour that will beduglong this dissertation is finding
new collaborative opportunities where the represgrdgervices might be included. This is an
example of behaviour that will be included builttire computational elements that represent CN

services, meaning that they will contribute in tbésly task of the service composition processes.
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From the collaborative services ecosystem sidegthd@l be the need to provide the means for
these mechanisms to be implemented through thevizema of the CN members service's
representatives.

3.2. Base Concepts

Based on these research questions and the cordisgohypotheses, the following sections
introduce the proposed Pro-Active Services Ecosyskgamework (PASEF) - a conceptual

framework which is organized in four groups of cepis:

1. Service Stereotyping related concepts (SS) - theeaputs included in this first group
support the construction of a Service TaxonomytlierCN members to follow in order to
benefit from a common understanding concerningsivwices they provide within the
ecosystem.

2. Membership Modelling related concepts (MM) - then@epts included in this group
model the CN members and the corresponding servitein a collaborative Services
Ecosystem.

3. Quality of Service Mechanism related concepts (QpSMhis group includes the
concepts and mechanisms created to both benefit fihe active service representation
and include the contribution of clients in the QeSessment through the manifestation of
their satisfaction concerning services provided.

4. Business Process Modelling (BPM) - Finally, forte&@pllaboration Opportunity (CO) an
associated business process will exist. This grougoncepts include the elements
needed to model this kind of processes, startioig fiheir early stage of the specification
of the services needed to achieve the goals of &@hpassing through the selection of
the providers for each service, until the executibthe resulting model - provision of the

included services by the selected providers.

Figure 3-1 represents the 4 conceptual groups gnaphical form, meaning that the Service
Stereotyping and the Quality of Service conceptalips constitute the base of the framework,
on top of which the Membership Modelling relatechoepts can be defined. Based on these three
conceptual groups, the Business Process Modelktaged concepts are placed on top as the
overall aim of the framework, to some extent.
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Figure 3-1 - PASEF Conceptual Groups

It is worth to list and slightly describe the astéroles that will interact with PASEF:

* CN members — the service providers that will camfgga computational element that will
represent their services towards their businessdsts.

» Clients — the clients of the collaborative servieessystem expressing their needs that
will become collaboration opportunities.

* Intermediaries or brokers — one can say that tlaesars are part of the collaborative
services ecosystem, like the CN members. They lvéilthe ones that make the bridge
between the clients and the providers, as mentibeéate.

* Behaviour Modelling Specialists — also part of #eevices ecosystem. These will be the

ones responsible for the definition of the most ownly used behaviours.

3.2.1.Service Stereotyping (SS) Related Concepts

The creation of a collaborative Services Ecosystmwluding distinct service representatives
needs a common understanding of the services tNam€mbers provide. For this reason, the
Service Stereotyping provides a set of conceptstti@initiators of such ecosystem instantiate

towards a smooth future work within this organiaaél structure.

If, for example, two distinct CN members provideimilar service, they should follow a
common definition, instead of making their own défons, towards avoiding misunderstandings
or interoperability problems. Common definitionsosld be provided by the collaborative

services ecosystem.

On the other hand, within a specific economic afeaan be possible to define, at an
abstract level, a commonly used set of servicesttieentities from that area usually provide.

These definitions should be made in a “meta” formathe sense that they would be higher-
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abstraction-level definitions of services. As aufesthese meta-definitions should include not
only standard terminology, but also a common iaiEfof each service, identifying elements like
for example the input information, needed by thwise in order to pursue its objectives, and the

expected results, both in terms of what informatgoonsidered and the corresponding format.

The Service Stereotyping related concepts is apgaitthree definitions that formalize

the proposed solution for the described needglmsvs:

* Meta-Service — the Meta-Service concept corresponds to thefaue of the service,
identifying what the CN members that provide suetvise are expected to perform. The
concept includes elements like a service descriptith the specific details from that
service.

e Service Category- the Service Category concept groups distinctaMgrvices under a
single set according to some common characterigiatsare identified by the ecosystem
initiator or administrator.

* Service Taxonomy- Finally, the Service Taxonomy concept may ineldistinct Service
Categories and the corresponding Meta-Services.dEfiaition of a Service Taxonomy
is the first step taken by the collaborative SessiEcosystem initiator for future guidance

of its members, who are willing to join such Ecdsys.

Figure 3-2 represents an example of Taxonomy ofultency services from an association
composed of senior professionals. In this particcéee, several categories of services correspond
to distinct expertise the SPs have attained irr fifetlong experience, for example working in
plastic industry. As a result of that expertisegsith SPs act as specialists that may help

entrepreneurs when they are in the process ohautdo start a new business in this area.
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Figure 3-2 — Example of Senior Professional's Aisgmn Consultancy Service Taxonomy

Figure 3-3 represents the relation between the ttmacepts. A taxonomy is composed of several
Service Categories, each having a set of Meta-&esvin the opposite direction, a Meta-Service
belongs to a single Service Category that, itdefongs to one Service Taxonomy. Usually, a
collaborative Services Ecosystem will correspondatparticular economic activity area and a
single Taxonomy will be defined in that area. A@pkcase may happen when a collaborative

Services Ecosystem covers more than one econotiitya@rea. For that case, more than one

Service Taxonomies may exist.

Service 1 n Service
Taxonomy Category

Meta-
Service

Figure 3-3 - Relation between the three ServiceseBtyping related concepts

Naturally, a Service Taxonomy definition made by Bcosystem initiator at an early stage of the
Ecosystem may evolve through time. For example,meter a member is editing his or her

profile, expressing the intention to provide a reswvice, he or she selects and configures a pre-
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defined Meta-Service within that Ecosystem’s Taxuogo Nevertheless, there may be cases
where the services CN members are willing to prexdd not fit in any Meta-Service definition
from the Ecosystem’s Service Taxonomy. For thasapathe initiators act as moderators and
may add a new Meta-Service definition and, starfiegn that point in time, this member may
complete a profile definition and other members @By express that they are willing to provide
a service implementation of the newly created Mg&tavice, as well. A similar evolution may
happen at the Service Category level. This happdren a new Meta-Service is being added to
the taxonomy, but it does not fit in any existingr8ce Category. In that case, a new Service
Category will be defined, in order to include theanMeta-Service. Finally, a third taxonomy
evolution hypothesis exists, both at the meta-8erlgvel and the Service Category level. That is
the case where the existing definitions becomeletsand have to be updated. This may happen,
for example, when the experience taken after skwma@ge cases results on a know-how that
invalidates previous definitions or simply shows tteed to upgrade them.

Based on this taxonomy, it becomes possible toifypeavorkflow of services needed to
be performed in response to a collaboration oppaxtuln the example taxonomy of the figure, a
workflow of consultancy services in the area ofspts can be built for the creation of a new

business.

The formal definitions of the three concepts follow

Definition SS 1: Meta-Service
A Meta-Service is an abstract definition of a seevio which concrete services provided by CN
members have to comply. A Meta-Service MS can Ipgessed as a tuple:
MS=<N,C,D>
where:
* N - Meta-Service Name — the identification of thetB4Service.
e C — Category — the category to which the Meta-Serbielongs.

« D - Description — particular characteristics of Mise the specification of needed input

information and output result.
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Definition SS 2: Service Category

A Service Category is a group of Meta-Services share some common characteristics, within a
given Taxonomy. A Service Category SC can be ddfawea tuple:

SC=<N,D, T>

where:

* N — Service Category Name — the identificationhef tategory of services.
e D - Service Category Description — description infation including common
characteristics of the services from SC.

* T - Service Category Taxonomy — the Ecosystem’si&es Taxonomy.

The following rule applies to a Service Category, S@ting that the elements of the Service
Category have to be definealpriori, as a service category needs an identificatioratds/being

referenced, it needs a description towards beinlgratood and it belongs to a given taxonomy.

Vv SC,A(N,D,T) |N # null,D # null, T # null

Definition SS 3: Ecosystem’s Service Taxonomy

An Ecosystem’s Services Taxonomy, Taxonomy for shisrthe specification of a common
understanding about services to be provided withan Ecosystem. A Taxonomy is composed of
generalization / specialization hierarchical relaships among a super-type of services — the
Service Categories - under which the Meta-Sengceddefined. The main goal of this taxonomy
is to foster better communication among users, diwgi misunderstandings concerning the
service definitions. A Taxonomy T may be definsdhguple:

T=<N,D, SCS >
Where:
* N — Ecosystem Taxonomy Name — the identificatiothef Taxonomy.

» D — Description of the Taxonomy — including the mamic area to which it concerns.

* SCS - Service Category Set.

The following rules apply to every Taxonomy to quaeeing it must have an identification and a
description towards being referenced and understasdwell as a non-empty set of service

categories. The 2nd and 3rd rules guarantee aarbinécal organization of the Taxonomy.
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i. None of the values N or D, corresponding to thenitesn of a Taxonomy T, may be null nor the
set of service categories SCS may be empty:

VvV T,3 (N,D,SCS) | N # null,D # null,SCS # @
ii. For each Meta-Service MS, there exists one andamdyService Category SC associated with it:
v MS,3tsc
iii. For each Service Category SC, there exists on@mlycdbne Taxonomy T associated with it:

v SC,3altT

3.2.2.Membership Modelling (MM) Related Concepts

Atfter the definition of the collaborative Servicee®otyping related concepts, a set of concepts is
needed to model CN members, what they are ablerdeide and the ecosystem itself. The
Membership Modelling related concepts tackles tigied through the introduction of 5 concepts.
Four aspects introduced in this conceptual set Brehe elements that actively represent the
services CN members provide; 2) the ability of sachive service representatives to take the
initiative of suggesting the inclusion of one ormmof the services they represent in a BPM that is
being built; 3) the introduction of an actor, thetl be responsible to make the bridge between
clients and CN members — the Intermediary or Bro&kethe Services Ecosystem itself, working
as a collaborative space where clients and prowidied a set of functionality that fosters
collaboration. In other words, the Services Ecamyswill be a space that brings together CN
members through their service representatives;dardo pursue business success namely finding
new business opportunities and improving the chamaeh CN member has to see his or her
services being selected among competitors, bas€b&n for example.

The Membership Modelling conceptual set is compased

» Service— based on a specific meta-service that is amaadvstefinition, concrete services
are modelled as instances of such meta-serviceen®&vier a CN member is willing to
provide a new service, he or she selects the gmneng meta-service and instantiates it
concerning its particular details. The concept &letudes a set of Service Connections,
defined by the CN member, as a specialist in teatiee area, identifying the relation
among distinct Meta-Services. These Service Cororectwill support the posting of
suggestions, other than proposals, whenever col#iba opportunities are found for

connected services. If, for example, a CN membeviges an implementation of the
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Meta-Service MS1 and states that it is connectethtther Meta-Service MS2, whenever
the need for MS2 is found in a given collaboratmportunity, a suggestion can be made

to include MS1 as well in the corresponding busmaecess model (BPM).

If for example the service “Project Injection Maidi’ is provided by Mr. William, it might be

possible that Mr William considers that every tifme provides this service, the clients also ask

for the “Insert Molding” service. Through this Semy Connection mechanism, it becomes

possible to express this know-how in the serviemaawhere his expertise reflects a life-long

experience. As a result, if one considers a BPM itidudes the first service, it is reasonable to

consider suggesting the inclusion of the second®in the same BPM, improving the success

for that service representation / promotion.

Service Entity (SE) — the concept that models the entity (CN membiom the
perspective of the services it is willing / able gmovide, in an integrated manner. It
includes all the services aggregated within thisstwict along with attributes from the
CN member. This aggregation is of particular usenely for the case where a particular
collaboration opportunity requires two or more idist services that may be provided by
the same CN member. On the other hand, it alsades| information from the service
provider (the CN member attributes) that may befulséor a selection process
undertaken by a client or a broker.

Pro-Active Service Entity (PSE)— A PSE extends a Service Entity element with the
ability to behave in a pro-active manner. As memdib before, this auto-initiative
behaviour can be configured towards finding newr®ss opportunities or improving the
chances that the represented services have to lbetesk in a given collaboration
opportunity, through behaviours that try to makeggastions, other than proposals, for
example.

Behaviour Definition — The performance of a PSE towards pursuing ttesgof the
represented CN member is made through behavioatshtt CN member may select and
tune / configure. The concept of Behaviour Defanitincludes a triggering mechanism,
identifying any periodicity or timing when the Befiaur will be launched; pre-conditions
needed to assess if the behaviour can take plate@st-conditions used to assess its
success. Moreover, a Behaviour definition is spettiis a workflow of actions that the
PSE will perform in order to pursue the desiredigoa

Services Ecosystemn Finally, the collaborative Services Ecosystem loa defined as an
environment, composed of services as the base stegreated to provide the needed
conditions to foster collaboration among CN memb@&tgs space brings together both

the CN members, the Brokers and Clients in a sisgkce. The Ecosystem tracks the
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collaboration opportunities and the correspondirgppsals and / or suggestions, storing
such data in a pool. This pool of historical andf@enance data regarding service
provision can be used afterwards in order to supperselection of potential partners for

a given collaboration opportunity.

Figure 3-4 shows the relations among the 5 Memijeidbdeling concepts:

) n 1| service |1 1 1 n | Behaviour
Service ) PSE i
Entity Definition
n
m
Service
Ecosystem

Figure 3-4 - Relation between Membership Modelligigted concepts

As described before, a Service Entity represemtsénvices provided by one CN member, as well
as a set of attributes from the CN member itselPSE corresponds to one Service Entity and its
configuration can be made of several behavioumdafns, whilst a single behaviour belongs to

only one PSE. Finally, Services Ecosystems haveyrR8Es and one PSE may potentially be
registered in more than one Ecosystem. The forrfuhitions of the 5 Membership Modelling

concepts follow:

Definition MM 1: Service

Service is the concept that models what a CN meisheilling to provide to the clients. In other
words, a service is a concrete instance of a Metai&. The concept also includes two other

elements defined by the CN member:

« Provision Conditions — specifying constraints tog service provision to be accepted.

* Service Connections — expressing know-how in wioaicerns other correlated services
that usually are requested along with it. Thistietais expressed connecting the Meta-
Service implemented by the modelled service witksea of other Meta-Services, as

detailed below.
A Service S can be expressed as a tuple:

$=<N, M, MS, SPC, SC >
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Where:

« N — Name - the identification of the Service.

M — CN Member — the identification of the CN membwat provides the specific service.
« MS - Meta-Service — the Meta-Service, defined m Brosystem’s Service Taxonomy,

of which S is an instance.

SPC - Service Provision Condition setspc; | i € N}

MSC — Meta-Service Connection Sefmsc; | i € N} — identifying other Meta-Services
to which the Meta-Service MS is connected to. Aviger Connection msccan be

represented as a tuple:

msc;=< C-MS, R, D >

Where:

* C-MS — The Meta-Services Connected to MS.
* R —The rating of the connection, indicating hotenofit happens.
» D - Directionality of the connection. The possibtdues are:
0 0 - bidirectional connection
o0 1-form MS to C-MS — a need for MS expressed BP& being built induces a
need for C-MS. For that reason, the inclusion &fi§-in that BPM is suggested.
0 -1 - from C-MS to MS — a need for C-MS expressediBPM being built
induces a need for MS. For that reason, the immtusif MS in that BPM is

suggested.

The diagram from Figure 3-5 represents a servioaection between Meta-Service 1 (the Meta-
Service MS that Service S implements) and Metai€er® (the Meta-Service C-MS that might
be implemented by some other Service X) to which sl8onnected with 70% strength. The
arrows in the diagram represent the three hypathekidirectionality of the relation. In this

example, the directionality value of 1 (from MS @MS), meaning that when a Service
implementing Meta-Service 1 is included in a BPMyally a service implementing Meta-Service

2 will also be identified afterwards.
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Figure 3-5 - Service Connection

Naturally, the knowledge manifestation made bynglsi service provider only influences the pro-
activeness of the constructs that represent theicesr such enterprise or professional may
provide. In other words, some other entity thab gisovides an implementation of the Meta-
Service 1, from the above mentioned example, maypett it with some meta-service other than

Meta-Service 2, if that is his or her understanding

Definition MM 2: Service Entity

Service Entity is a construct that models CN memifierm the service provision perspective. It
includes the Services a particular CN member ifingilto provide and a set of other attributes
modelling relevant characteristics of that CN merhb& Service Entity SE can be represented as

atuple:

SE=< M, ATS, SS >

Where:

* M- CN Member - the identification of the CN member
» ATS - Attribute Set {attr; | i € N} —set of relevant attributes of the correspondihg C
member

* SS - Service Setfss; | i € N} — the set of services provided by the CN member.

After presenting the Service concept, a higherll@ancept is needed to aggregate distinct
services, as mentioned before. This aggregationsofie possibility to create integrated bids or
proposals for a given collaboration opportunity §CIQ) for example, a COis specified including
the need for 10 services that implement the MetaiS&es MS, MS, ... MSy,, and if a given CN

member provides services that implement,MBS; and M3, the proposal from that CN

! Notion similar to (Franco et al., 2009a, 2010)
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member to C@may include the services it provides implementing Meta-Services MSand
MS;.

Before the definition of the Pro-Active Service Bntother than its Services and the
Service Entity building blocks, a third definitiodm needed in order to model the pro-activeness of
that construct. In other words, the Behaviour DO#&én is the concept that models thew, when

andwhatof the behaviours from a PSE:

* How: the workflow of actions that the PSE will panrh.
* When: the triggering rules and a set of pre-coadgithat model when the behaviour will
take place.

* What: a set of goals that the behaviour shouldea€hiused to assess its success.

With the Behaviour Definition concept, CN membess configure PSEs that represent their
services as ambassadors in the ecosystem in thethafybest fits their particular needs. As
mentioned before, the definition of behaviours igemnded to be used by specialists or
administrators. In a specific system that mightlampent these concepts, the CN member might
only need to select and slightly configure the béhas that best fit his or her needs. Figure 3-6
represents the relation between distinct serviowigers and the corresponding PSEs, forming
two distinct environments: the real (physical) wlodnd the collaborative service ecosystem

(cyberspace).

Collaborative Services Ecosystem

(cyberspace)
“ee\" eey" e\ “Jee\'/jee\" /e “ee\”

. ‘ PSES - ambassadors ;cfsrér'v.ice providers :

Service Providers (CN members)

%ﬁ@f%%

Real (physical) World

Figure 3-6 - Real (physical) world and Collaboratfservices Ecosystem (cyberspace) )
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Definition MM 3: Behaviour Definition

A Behaviour Definition specifies the actions thaP&E will perform and the event that triggers

such behaviour. A Behaviour Definition BD can b@mssed as a tuple:

BD =< 1D, D, TM, BWD, PREC, POSC >

Where:

* ID —Identifier — the Identifier of the behaviour.

e D - Description — a description of the behaviour.

e TM - Triggering Mechanism — timings, frequency ahdor data-flow conditions
specifying when the execution will be launched.

« BWD - Behaviour Workflow Definition — specificatioof the base functions that are
used within the behaviour, their input informatioeeds, output results and their
execution flow graph.

* PREC - Pre-Condition Set{prec; | i € N} — a set of conditions to be verified before the
behavior is launched.

* POSC - Post-Condition Sefpostc; | i € N} — a set of conditions to be verified after the

behaviour finishes, assessing its success.

™

Every 10 s
WhenX >0

PREC
X <50 BWD

Figure 3-7 - Behaviour Definition Example

Figure 3-7 represents a Behaviour Definition exampil is worth to highlight the matching

between the elements of this definition and thelaeeentioned before: how, when and what:

« How — The Behaviour Workflow Definition dictates attthe behaviour is intended to do

when it is launched towards achieving the desilg
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* When - the Triggering Mechanism dictates how oftenbehaviour should take place. In
other words: when should the PSE “wake up” to perfthis behaviour? Another aspect
is a set of pre-conditions that might have to héfied before the workflow takes place. It
might happen that the PSE has been “waken up” tfonpe a specific behaviour, but
specific conditions do not allow it to start thenkitow.

* What - the Post-Conditions to be verified towarsiseasing the behaviour success.

The Pro-Active Service Entity (PSE) is now introdddased on the above concepts. A PSE is a
software component that will represent CN membseisices, behaving towards promoting the
represented services. This representation inclbdsiess opportunity procurement or service
selection chances improvement, for example. The &Sd prepares proposals for any business
opportunity that matches the services it represants/ or creates suggestions based on service
connections specified by the CN member. It is alsath to notice that a CN member can choose
/ configure more than one behaviour in order t&leadistinct pre-condition scenarios. Figure 3-8

represents one PSE.

Definition MM 4: Pro-Active Service Entity (PSE)

The Pro-Active Service Entity is a concept thatudes a CN members’ Service Entity and a set
of behaviours selected and configured by this CNinber towards representation purposes. A

Pro-Active Service Entity PSE can be expressedtagle:

PSE=<N, ID, SE, BD >

Where:

* N — Name - the identifier of the PSE

« SE - Service Entity — the Service Entity from thil @Gember including what this
member is willing to provide.

» BD — Behaviour Definition set thd; | i € N} — a group of behaviour definitions, selected

and configured by the CN member, which specifygieactiveness of the construct.
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Service Entity

Service 56 PSE Behaviours
Service 57

Behaviour B1
Behaviour B2

e

Attribute A4
Attribute AS

Figure 3-8 - PSE - Pro-Active Service Entity

Finally, the collaborative Services Ecosystem cphde introduced. This concept models the
“space” where CN members register themselves amtthatheir PSEs, on one hand, expecting to
find collaboration opportunities for which theirrgiees can be included / selected. On the other
hand, this is the place where clients go and spdedir needs, knowing it is a place where they
can benefit both from a pool of providers and panfance information mechanisms in order to
support their choices. Finally, this space alseriatts with an intermediary who is responsible to
bridge between clients and providers. In a firaget this intermediary is responsible to transform
high-level need specifications made by clients mtrkflow documents, composed of Meta-
Services defined in the Service Taxonomy. In arlatage, these intermediaries post a call for
proposals in a blackboard like infrastructure tclude in a system that implements these
concepts, wait for the replies, and select the gsals and the corresponding CN members that
best fit client's needs. This process also cornedpoimplicitly to the creation of consortia

composed of the selected CN members.

Furthermore, the collaborative Services Ecosystes diso the role to track all the
service provisions, as well as all the correspapdialls for proposals. This monitoring task
provides accurate performance information concgraihCN members, as mentioned. Based on
this information, the collaborative Services Ecosygs may also provide Certification
functionality upon request. Finally, it also gathetient’s satisfaction in order to add more data

for Quality of Service assessment, as explainddwethat is used for service selection purposes.

Definition MM 5: Services Ecosystem

A collaborative Services Ecosystem concept, Eceaysbr short, brings together CN members
through their PSEs, final clients and intermed&ige brokers in a collaborative space fostering
collaboration. This is a central place that managismation both concerning service providers
and clients, as well as the Collaboration Oppotiesioffered by clients and performed by the

providers. The Ecosystem also stores informatiarceming the Brokers that make the bridge
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between clients and providers, as well as Perfocmaieasurement information used for QoS
purposes. Finally, the Ecosystem provides a sdumdtionality groups towards fostering the
collaboration between members, among which ceatifidc mechanisms attest PSEs performance

on demand. A collaborative Services Ecosystem S§Eo&n be expressed as a tuple:

SEcoSys = <N, ST, PS, CS, BS, CO, CR, PM, BF >

Where:

* N — Name — the identifier of the collaborative See¢ Ecosystem.

ST — Service Taxonomy — the base Service Taxonoseygl in all interactions by the
PSEs within the Ecosystem in order to guaranteenanmmn understanding on service
definitions.

* PS — PSE set fpse; | i € N} — set of PSEs that represent CN members’ servicein
the collaborative Services Ecosystem.

+ CS —_Client set {cint; | i € N}.

» BS - Broker set fhrk; | i € N}.

» CO - Collaboration Opportunity set {eo; |i € N} — set of client needs / business
opportunities specified by the clients in the fighce and further detailed by the
intermediaries or brokers, within the Ecosystem.

 PM - set of Performance Measurement Informatiocked within the ecosystem every

time a PSE patrticipates in a CO. This set can peesged as:
{pm;; | i,j € N,V pm;; 3 pse; € PS, 3 co; € CO}

meaning that every performance measurement infloamatement pm corresponds to a
specific pseperformance within a collaboration opportunity. co

* CR - set of Certification Information {cfi € N } — the set containing all the certification
requests received by the Ecosystem concerningf&pBS8Es.

* BF — Built-in Functionality — {fg fooss fpert feertitys fomned — S€t Of groups of functionality
built-in the Ecosystem, based on which the PSE Weha Definitions are composed of.
The 5 built in functionality groups identified are:

0 fg— Registration — enabling the CN members to registemselves and launch
their PSEs.

0 fpst — CO Posting — enabling clients to post their segda blackboard-like
infrastructure from the EcoSystem and PSEs to reqily their service provision

proposals or service provision suggestions.
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0 fper — Performance Measurement — providing PSE perfocasnaneasurement
mechanisms, as well as enabling brokers to gradforpeance, in order to
increase the information on every PSE that is teggd in the Ecosystem.

0 feeriy — Certification — based on PM information, the &siem may have a
component responsible to certify some PSE’'s Qo% upguest.

0 fomer— Other than the 4 identified functionality groupach particular Ecosystem
may provide specific functionality under this groupat constitutes a possible

extension point for the ecosystem.

3.2.3.Quality of Service Mechanism Related Concepts

The Quality of Service Mechanism (QoSM) is a pilldement of PASEF because it provides
additional data for a smoother potential servicavizion’s selection. The QoSM is the element
that supports that data collection and is interntdelde used by the PASEF system itself, through
tracking all the service provisions and storinghbdéta concerning QoS for each specific service
provision, and performance data. The QoS Mechanamalso be used by clients to express their
satisfaction concerning a service provision. Alstimformation is stored in a pool of data that is

included in the ecosystem, used afterwards in @alsd suggestions selection processes.

The mechanism is composed of three concepts: QaBatleristics, QoS Criteria and
Client Satisfaction. The QoS Characteristics maldéh that may be measured and define the way
these data should be measured. These data aréatessauith one of the three possible service
provision related information classes: 1) the smryvi2) the service provider; 3) the service
provision proposal. The QoS Characteristics alsetmmeasurement unit associated with them
and a category, useful to group distinct QoS Charistics.

Definition QoSM 1 - Quality of Service Characterisic

A Quality of Service Characteristic (QoS Charast#r) is a property, either from the service
itself, from the provider or the provision propgsahich may be measured and compared among

distinct services. A QoS Characteristic can bendefias a tuple:

QoS_Characteristic=< N, IM, MU, C >

Where:

N - Name - the identifier of the QoS Characteristic
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 |IM - Information to Measure — the information tli&to be measured.
e MU — Measurement Unit — the unit that will be usethe measurement.

» C - Category — the measurement category, usestpglistinct QoS Characteristics.

QoS Characteristics may be created to measure@o$hdata or service provision performance
data stored in the collaborative Services Ecosyst8ome QoS Characteristics may even
correspond to the success of the behaviour of BiEsPalso stored at the ecosystem. Some

examples of QoS Characteristics grading Servicgifeos may include:

N_COs - the number of COs where a specific CN merhag been involved,

* BID_Success - the number of BIDs postexl the number of BIDs that really had a
selection success,

e Satisfaction - the average satisfaction level gb&ig clients on services provided by a
specific CN member,

* OnTimeDeliveryRate - percentage of services dedgewithin the pre-defined time-

frame period,

* AverageDelayOnDelivery - The average delay tims@mvice accomplishment delivery,

Based on the QoS Characteristics, it is possibleuitnl the concept of QoS Criteria that is the
combination of classification schemas for a seQofS Characteristics identified as relevant for

each specific case.

Definition QoSM 2 - Quality of Service Criterion

A Quality of Service Criterion (QoS Criterion) iket collection of QoS Characteristics and a
corresponding evaluation schema, used to gradenddistervice proposals and compare the

results. A QoS Criterion can be defined as a tuple:

QoS_Criterion =< N, CS, ES, RC, RF >

Where:

* N - Name - the identification of the QoS Criterion.
e CC - QoS Characteristic Set — the set of QoS Ctarsitcs used in this QoS Criterion.
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« ES - Evaluation Schema — the mechanism definedateera classification based on the
QoS Characteristics Set. An Evaluation Schema ESsit that can also be defined as a

tuple:

ES = < (CLN, CLD) >

Where:

0 CLN —Classification Level Name — the identificatiohthe Classification Level.

0 CLD - Classification Level Definition — the identition of the set / range of values
and the conditions that evaluate the correspon@io§ Characteristic value in order
to assess what Classification Level a given sefviengs to.

* RC - Restriction Conditions used to exclude profsotfeat are out of scope.

* RF - the overall Rating Formula.
A QoS Criterion may be defined through the follogvsequence of steps:

1. Selection of a relevant QoS Characteristic set;

2. Selection / definition of an evaluation schema,,8glassification levels: Level 1 (best),
Level 2, and Level 3 (worst).

3. Definition of how each selected QoS Characteriitecinto the specified schema. For
example, if we consider for a given business opmitt where the meaningful QoS
characteristics are the number of COs in which CHmimers have been involved
(N_COs), and the Average Satisfaction level of jes clients regarding such CN
members, it would be possible to define a QoS fmiteorganized in three levels and
following the rules:

0 N_BOs - Level 3 (values <= 5); Level 1 (values >5);1 evel 2 (otherwise)
0 Satisfaction - Level 3 (values <= 5); Level 1 (vedw-= 8); Level 2 (otherwise)

4. Definition of restrictions, e.g., no proposals ddobe considered from providers with
Level 3 concerning N_COs QoS Characteristic clesgion.

5. Definition of the overall rating formula for prows proposals, based on the QoS

Characteristics selected in 1.

It is interesting to notice that a QoS Characteristay benefit from the pro-activeness of the
PSEs. For example, a scenario can be considererk e fastest PSEs becomes rewarded. In
this case, the period of time between the post ©fFaand the corresponding Bids / Proposals is

measured and used as a QoS Characteristic thavenased afterwards within a QoS Criterion.
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After these 5 steps, the final overall rating fofanis used to classify all received

proposals and sort them, in order to help the 8eletask, made by the broker.

The Client Satisfaction assessment is a partiaudar case of the QoS Criteria concept,
which should be expressed every time a serviceigimvtakes place. This satisfaction expression
is useful to feed PASEF QoS Mechanism with datenftbe client’s perspective. The ecosystem
element responsible for gathering these data isvtdtkflow engine, as explained in Section 3.2.5,

and based on the concept of Client Satisfactiowdiiced bellow.

Definition QoSM 3 - Client Satisfaction

Client Satisfaction (CliSat) is a classificationade by the client, on a given service provision

under a specific QoS Criterion. A Client SatisfaotCliSat can be defined as a tuple:

CliSat = < QoS_Criterion, (QoSCharacteristic, EV) >

Where:

* QoS_Criterion — the selected Quality of Servicdetion for the evaluation of the Client
Satisfaction
* (QoS_Characteristic, EV) — the set of pairs inalgdihe QoS Characteristics from the

selected QoS Criterion and the Evaluation Valuegiby the client to that characteristic.

One Example of QoS_Criterion used to gather Cligatisfaction might be composed of the

following QoS_Characteristics and the correspondingluation Values:

{(OnTimeDelivery, True), (DelayOnDeliver, 0), (Ssfaaction 10)}

Figure 3-9 shows the relation between the Quafityesvice Mechanism related concepts, as well
as the corresponding cardinality. It is importanhotice that a QoS Criterion may include one or
more QoS Characteristics, as expected; and a Q@fa@hbristic may be used in distinct QoS
Criterion, naturally. On the other hand, many Qli&atisfaction instances may be expressed

using the same QoS Criterion, whilst a single Glatisfaction refers to only one QoS Criterion.

QoS L Client
oS Criteria
Characteristic | m n Q 1 n| Satisfaction

Figure 3-9 - Relation between the Quality of Sesibechanism related concepts
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3.2.4.Business Process Modelling Related Concepts

The Business Process Modelling (BPM) related cotscepe particularly important, especially in

the creation phase of these documents and potgntidhe edition at runtime.

In a first stage, the Client specifies its needsairhigh-level form in the Services
Ecosystem, through an interaction with intermedgriThen, such intermediaries or brokers have
to make a Workflow Model, potentially in interaatiovith the client. At this first stage, no
providers or performers of the services are conedl@nd the objective is the selection of the
Meta-Services defined in the Ecosystem Serviceo@xy, towards the achievement of the
Client goals. The resulting document is called bstract Business Process Model (absBPM),

since it has no performers yet.

The process needed to create an absBPM specificatam be summarized as:
identification of needed Activities and SelectidnaoMeta-Service from the Taxonomy for each
Activity; specification of the activity / servicdofv through the introduction of Transitions;
identification of input and result information fdhe services and potentially introducing
conditions in the transitions based on these daid,;finally specification of the Start and End

points in the graph.

The creation of an absBPM can also be initiatedhgylntermediary itself, without any
client involvement. In this case, the resulting eldd created as a Template for future use by the

CN members, based on the notion that many clieaishmave similar needs.

Definition BPM 1 - Abstract Business Process Model

An Abstract Business Process Model (absBPM) isdifenition of the Activities composing a
process, as well as a Meta-Service for each agtidéentifying what should be provided for each
one at runtime. This abstract Model also identiffes Data involved in the Process and the flow
of activities that should take place. An AbstractsBess Process Model absBPM can be defined

as a tuple:
absBPM = < CO, AMS, TS >
Where:

¢ CO - Collaboration Opportunity — the identifierthé CO to which absBPM corresponds,

or null for the case of template definitions.
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« AMS - Activity and Meta-Service set — the set dfiaties and the corresponding Meta-
Services that can also be defined as a set oégupl
AMS = < {A, MS, RD}>
Where:
0 A — Activity — identifier of an activity.
0 MS — Meta-Service — identifier of a Meta-Service.
0 RD - Relevant Data Set — the information used pgtiand gathered from the results
of the services.

» TS s the Transition set that defines the actifldy at runtime.
The definition of an absBPM follows the rules

i. For every activity A of the Activity and Meta-Secel Set AMS of an absBPM, there
exists one and only one associated Meta-Servicefi@l® the Services Ecosystem’s

Taxonomy T.

v A =11, (AMS),
AMS € T,(absBPM)
ITMSET
ii. For every activity A of the Activity and Meta-Secei Set AMS of an absBPM there

exists, at least, one transition Tr of absBPM frarRredecessor element P, that may be

another activity or the starting point of the mqodelA — Figure 3-10 and Figure 3-11.

V A = 11, (AMS),
AMS € TI,(absBPM)

3 Tr(P,A) € Ill;absBPM

G :
Tr lTT
A A

Figure 3-10 - Activity A is preceded by the  Figure 3-11 - Activity A is preceded by
start element of the graph another activity P

iii. For every activity A of the Activity and Meta-Secel Set AMS of an absBPM, there
exists, at least, one transition Tr from A to soRwlowing element F, that may be

another activity or the end point of the modelgufe 3-12 and Figure 3-13.

> The operatorly(T) corresponds to the isolation of the element ofeond form tupple T. Example: if
T=(A, B, C), therll,(T) equals B, because B is th¥ 2lement within T.
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Vv A = 11, (AMS),
AMS € T1,(absBPM)

3 Tr(A, F) € I13(absBPM)

A A

lTr Tr

F o

Figure 3-12 - Activity A is followed by | Figure 3-13 - Activity A is followed by the
another activity F. end element of the graph.

iv. For each Meta-Service MS with a parameter setdPetbxists a relevant data variable set
RD, associating a specific variable toleach particular parameter p
v MS(P) = I1,(AMS), AMS € Tl,(absBPM)
3IRD € M3(AMS)| 3 {p; i € N}, {rd;,j € N}
VpiE PEIrdIERD

v. For each Meta-Service MS with an output resultG®t there exists a relevant data set
RD, associating a specific variable, td each particular result;or
¥ MS(OR) = I1,(AMS), AMS € T1,(absBPM)
3RD € M3(AMS) |3 {or;,i € N},{rd;,j € N}|
Vor; EOR3rd; €RD
After the specification of an absBPM is complete tlient has to commit to that absBPM in
order to go to the next stage that is the seledfd®dN members who are willing to perform each

of the included services. Figure 3-14 illustratesegample of an abstract Business Process Model

composed of 4 Activities.
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Actl

N

Act3 Act 2

NS

Act4

Figure 3-14 — Example Abstract BPM

The transformation of an absBPM into a BPM readpecexecuted is the point where the main
advantages of the pro-activeness from the PSEs fldae, as well as the QoS Mechanism
feedback. There, a call for proposals is made &aedRSEs, which frequently check for new
business opportunities, have their chance to maspeogals or suggestions. After a pre-defined
time-frame, the potential performers’ selection gass starts. First, PASEF excludes the
proposals that do not fit the pre-defined condiimset. Next the Broker selects the best proposals
and includes the corresponding CN members as peefsrin the BPM, based on parameters like
price or delivery time, depending on the specifisitof the particular case, but also taking benefit
from their QoS ratings.

There are two possibilities for an absBPM to becexecutable:

1. All the services have at least one selected pedorm
2. At least the services from the starting activitiassthe absBPM have a selected

performer.

This second possibility is the minimal case undéictv the execution can start, leaving some

performers' selection task to a later time durlregBPM execution.

From the client’s perspective, one of the main athges of the PASEF approach is that
instead of asking for proposals from a limitedafgbotential providers that he or she may kreow
priori, posting calls for proposals within a Services §ystem potentially opens the possibility to
receive proposals from unknown potential providéisis fact introduces an advantage and a
drawback. The advantage is that the number of alpopotentially increases through the
inclusion of proposals of potential providers theg unknown by the client. The drawback is that

because of being unknown, an uncertainty factémtr®duced. This drawback is tackled by the
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QoS mechanism introduced in the previous sectidmiclwgives the client the needed QoS

information concerning all the providers.

Definition BPM 2 - Call for Proposals

A Call for Proposals is the first step for the siion of an abstract BPM into an executable

specification. A Call for Proposals CfP can be esped as a tuple:
CfP =< BPM, NSS, GPC >
Where:

¢ BPM - Business Process Model — the model to whiehcall corresponds. This is the
link to the abstract BPM that is about to becomeyatutable BPM.
¢« NSS — Needed Services Set — the services that aeed and for which the proposals are

expected. A Needed Services Set can also be erprass set of tuples:
NSS = {(MS, SC, PC)}

Where:
0 MS - Meta-Service — the identifier the Meta-Servieguested. Proposals of
Services implementing MS are expected.
0 SC - the Meta-Service Category.
0 PC - Service Provision Conditions — the conditiem#hich the proposals should
comply.
¢ GPC - General Proposal Conditions — general camditto which the proposals also

have to comply.

As mentioned, the CN members' pro-active servipeesentative - the PSE - checks for service
needs in a pre-defined frequency-rate. Whenevallaf@ Proposals is posted in the blackboard-
like element from the collaborative Services Ectays in a short time-frame period all PSEs
become aware of the needs expressed in that Cf®.RSE finds out a direct match, which
happens in the case it represents a subset ofedded services; it becomes possible to post a
proposal. In other words, when a CN member provadegice Sx and a CfP is posted expressing
the need for Sx, the PSE that represents such Ghberés services becomes aware of that match

and may prepare a proposal or Bid for that case.
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Definition BPM 3 — Service Provision Proposal

A Service Provision Proposal (SPP) is the provisidention expression made by the PSE, trying
to be selected for a given client’'s need. A Serfoavision Proposal SPP can be expressed by a

tuple:
SPP =< SP, GPC >
where:

» SP — Service Proposals — a set of services the @Npmovide. The Service Proposals SP

can be expressed by a set of tuples:
SP ={(S, SC, PC)}

Where:
0 S — Service — the identifier of the Service;
0 SC - Service Category — the category of the prapssevice; and
o PC - Provision Conditions — a set of service piowigonditions for that service.
* GPC - General Proposal Conditions — general camditconcerning the whole service

provision proposal SPP.

It is interesting to notice that one service prmrisproposal may target more than one single
service need. This corresponds to the situatiorrevheCN member has the provision ability for
more than one of the service needs expressed i@fthen this special case, promotional Service
Provision Conditions may be expressed in the prapagplied if the Client and the Intermediary
select more than one service included in the pradpésr instance. These promotional conditions
are included in the General Proposal Conditions. &@mple, if a proposal includes three
services, a promotional condition of 10% discounthie price can be considered for the case

where the three services become selected.

It is also interesting to notice the similarity Wween the two definitions: Call for
Proposals and Service Provision Proposals, beadubeir complementarities. In the first case,
service needs are expressed, including the conditio which the proposals have to comply,
whilst in the second case, a subset of the neegtgitss is included and provision conditions are
expressed, this time from the providers' perspectihe Provision Conditions expressed in the
proposal made by the PSE should comply with the/iBian Conditions expressed in the Call,

naturally.
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Based on the Service Connections defined by ther@hhbers, the PSEs will be looking
also for indirect matches. That is the case wh@&@Namember connects service Sx with service
Sy, expressing his know-how in that specific seacea and saying that 70% of the times Sx is
requested, Sy is also in need, for example. Indhse, if there is a call for proposals that inekid

Sx and if the PSE of that CN member represent# 8y1] prepare a Suggestion.

Definition BPM 4 — Service Provision Suggestion

A Service Provision Suggestion (SPS) is similaratgproposal and is a provision intention
expression made by a PSE, this time trying to lsbuded in a BPM definition from a given

client. A suggestion can be expressed as a tuple:
SPS =< SS, GSC >
where:

e« SS - Services Suggestion — is the set of servitaeisa CN member suggests to be

included. The Service Suggestions can be expressadet of tuples:
SS ={(S, SC, BS, BSC, PC)}

Where:
0 S and SC are the Suggested Service and the candésgdervice Category
0 BS and BSC are the Base Service need and the pondisg category, based on
which this suggestion takes place
o PC Provision Conditions, corresponding to thatiserprovision conditions

e« GSCis a set of General Suggestion Conditions fsom

The definition of a Service Provision Suggestiosiiilar to the definition of a Service Provision
Proposal, since it also expresses a provision tiofenThe only additional information is the

service based on which the suggestion took place.

The selection of more than one service to be pealigy the same CN member naturally
reduces the final number of CN members that areletedo form the consortium for that
Collaboration Opportunity. As a consequence, &ldberhead taken with the agreement reaching
process is reduced, namely in the contracts thae tia be celebrated. Although consortia
formation cost analysis is out of the scope of thik, this consortium reduction is a clear
advantage of the PASEF usage.
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Figure 3-15 shows graphically an executable BPMethasn the abstract BPM from
Figure 3-14, where only 3 performers were seledtedthe services of the activities. In this
example Participant 2 has suggested the inclusfoanother service and the corresponding
activity (Act 5) was added to the model. The repnéation follows the Business Process
Modelling Notation (BPMN) standard and thus eagcte Icorresponds to a performer and the

services themselves are not represented.

Participant 1

Participant2

e =

Act3 t

Figure 3-15 — Example of Executable BPM

Participant3

Definition BPM 5 - Executable Business Process Mobe

An Executable Business Process Model (eBPM) isctivapletion of an absBPM, through the
selection of service provision proposals and méayitlewing some suggestions and including
new activities and the suggested services. An Habtei Business Process Model eBPM can be

defined as a tuple:
eBPM =< CO, AMP, RD, TS >
Where:

* CO - Collaborative Opportunity — the CO to whichP&B corresponds.
« AMP - Activity, Meta-Service and Proposals set s the set of Activities, the
corresponding Meta-Services, as well as a Set ofislon Proposals, that can also be

expressed as a set of tuples
AMP = {(A, MS, SPP, RD)}
Where:

0 A — Activity — the activities composing the BPM.
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0 MS — Meta-Service — the Meta-Service assiciated thié activity.

0 SPP — Service Provision Proposal set — the setr@fopals that have been
selected to perform the corresponding service. $&ids sorted according to the
selection made by the broker or intermediary. Ithimg goes wrong at runtime,
only the first element of the set will be used. @thise, if for example the first
selected provider becomes unavailable, there isptieedefined possibility to
resort to one of the other selected providers.

0 RD — Relevant Data Set — the data variables usé@tpas parameters and output
results of the services.

« TSis the Transition Set that defines the actiffdy at runtime.

The definition of an eBPM follows the rules of @amsBPM plus a sixth rule created to guarantee
that the services within the model have at least merformer associated with them. This rule is

mandatory only for the initial services of the modde rule is defined as follows:

vi.  For every Activity A associated with a Meta-ServM§, if there is a transition Tr from
the Start point in the workflow to A, there mustistxa not-empty set of provision

proposals SPP identifying potential performer o¥i®es implementing MS.

V (A, MS) € T1,(absBPM),
Tr(Start,A) € 1,(absBPM)

SPP # @

Finally, the executable Business Process Modeinslas to the abstract definition, but also
including performers in the Service Provision Pgle and their concrete services, rather than
abstract service definitions — the Meta-Servicei interesting to notice that this model includes
a subset of the received proposals, rather thangéeproposal, as mentioned, in order to cope
with the potential need of changing a performeruatime. Naturally, the proposals included in
this list are the only ones that were selectedpralicg to the first validation made by PASEF and
the broker selection, made afterwards. They aredatarting on the one that best fits the needs.
This first proposal will be the only one launché&djothing goes wrong at runtime, as mentioned

before.
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3.3. Chapter Discussion and Conclusions

This chapter presented the specification of thenrnancepts composing PASEF - the Pro-Active
Services Ecosystem Framework. The main objectivetovalefine a set of base concepts towards
an active representation of the services CN merhaewilling to provide, following the service
orientation paradigm evolution. This goal was aebitthrough the introduction of pro-activeness
elements along with a Quality of Service Mechantbat benefits from such auto-initiative, on

one hand, and considers the client’s perspectivéh® other hand.

The Conceptual Framework is divided into 4 concalpggroups: Service Stereotyping
related concepts, Membership Modelling related epts; Quality of Service Mechanism related
concepts and Business Process Modelling relatedeptsi Together, these concepts open the
possibility of creating a collaborative ServicesoBgstem composed of CN member’s services
through representative entities — the PSEs. Inratlbeds, such CN members benefit from active
constructs they can configure to better represedtpromote their services, in an auto-initiative
basis, instead of the passiveness of current agipesa Furthermore, the presented Quality of
Service Mechanism provides the possibility to inyeroservice selection processes towards
rewarding the best providers in terms of QoS andoRwance indicators, as well as the

possibility to consider previous clients’ perspeeti

In the next chapter a Logical Architecture and pheof of concepiPASEF prototype

design are introduced.
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4.Logical Architecture

This Chapter presents the Logical Architecturehef proof of concept support prototype, based orPtize
Active Services Ecosystem Framework concepts intemtlin the previous chapter. The Chapter starth wi
the description of the adopted software lifecydimges, followed by a description of an intendedgesa
perspective, gathering the stakeholders understandif PASEF. It then proceeds with the software
Requirements Engineering phase, which is done usieg* framework. The analysis and design using
UML diagrams conclude the logical architecture &$EF.

4.1. Introduction

The design and development opr@of of concepsupport prototype follows an adaptation of the
traditional software development processes. Thaptdr covers the modelling phases of this
process, following a top-down approach, in the sghat higher level descriptions and diagrams
are progressively turned into software specificatitodels. Figure 4-1 represents the lifecycle of

the prototype.

| Understand Stakeholders |

‘é" | Requirements Engineering I I Operational Testing |

3 N e 7

§ | High-level Design |.——.| Integraton Testing | &
s
o

™~ il

| Detailed Specifications |‘—-| Unit Testing |

| Coding |

Figure 4-1 — Adopted Software Development Life @ycl
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The phases illustrated in Figure 4-1, used in theebpment of the prototype, are summarized as

follows:

« Understanding Stakeholders’ needs and expectatidiss is the highest-level definition
of the systems to-be developed, mainly from a ugsgspective. This phase is added to
the typical software lifecycle in order to includecumentation from that perspective.
Moreover, towards providing a better comprehensigelel, the PASEF architecture is
defined in three abstraction layers or spacesAtiiers Space, the Service Market Space
and the Integrated Service Space. Next, the ideatiibn of the main actors is made, as
well as their roles and the corresponding mechamnigtmally, a BPMN-like diagram is
presented representing the service compositionepspavhich shows the overall PASEF
intended usage phases.

* Requirements Engineering (RE) — The early stageimements specification is made
using i* framework (“i-star”), through the speciiiton of a global “Strategic
Dependency Model” (SD) in a former stage, and ‘{8gj@ Rationale Models” (SR), in a
later stage.

« PASEF Analysis and Design — The pre-coding procesompleted with the classical
UML mechanisms: first the Use Cases’ specificatimentifying the interactions or
triggers from the actors and the systems, follobyethe Class Diagrams of the prototype
systems, identifying the main classes and theiatijls. These two diagram sets
constitute the High-Level Design. The Detailed $fieation is carried out afterwards
using collaboration diagrams that show how theesyst will behave whenever each
identified Use Case is triggered. In this stageju®ace Diagrams are selected because of
their chronological layout. In specific cases, vehigerative processes had to be modelled,

state transition diagrams complement these Sequziageams.

This division of the software lifecycle into indeqkent tasks or phases has an organizational
advantage concerning major decisions. The correchents to make such decisions are exactly
between each two subsequent stages from the lifeciyic other words, the documentation
produced in the concluding phase is analysed amisides are made towards a smoother
execution of the phase that is about to start.heamore, after the modelling phase ends, the
coding phase starts and feedback comes from thiaadifevels of testing. As a result the overall

models are changed accordingly.

In terms of functionality and structure, the franoekvis composed of a central PASEF
system — the Services Ecosystem, as the main geftwenponent; and several instances of Pro-
Active Service Entities — the PSEs; correspondimgach CN member’s services, as another

software system from the framework. The framewsriiended to be used by: 1) the clients that
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will be able to specify high-level needs — the abtiration opportunities; 2) brokers that will be
able to detail such opportunities into workflow neelcomposed of the services existing in the
ecosystem; and 3) the CN members that are the poegling the services. The mechanism of
selecting the best provider(s) for each case véllbhased on the CO_Board (a blackboard-like
infrastructure) that must exist within the Serviéasystem, where the broker posts the needs,
and the Pro-Active Service Entities, that represei members and will be checking the
CO_Board for business opportunities from time toeti and post Bids or Suggestions. The
ecosystem itself will monitor the processes andraguae Quality of Service measurement and

Performance Certification.

The sequence of the detailed modelling processdigé of Figure 4-1) is also the outline
of this chapter.

4.2. Understanding Stakeholders’ Needs and Expectations

As mentioned in (Ranganathan and Magel, 2010),

“ : . Understand Stakehold
successful RE requires understanding the needs of iz saicioes

users, customers, other stakeholders and undeirsgand

the contexts in which the to-be-developed softweilie

Modelling

be used”. For this purpose, the following sectipn

defines the example application scenario where [the

concepts presented in the previous chapter willdsel. Although PASEF is intended as a general
framework, applicable to different contexts, thetibn of a particular application scenario helps

guiding the understanding of requirements and foguthe validation process.

4.2.1.Example Application Scenario

In this particular case, the base motivation séenam PVC of Senior Professionals (SPs), which
represents a group to which the “service repretientaand the “pro-activeness” elements
provided in PASEF can enhance networked operatiermentioned earlier, Senior Professionals
have the ability to add value and contribute to sbeiety, but they have few opportunities /
support in order to perform such contribution. Tneation of collaborative networks of SPs is
important and constitutes a challenge nowadaysusecaf the increase of life expectation, as
well as the need for sustainable economies, asderein (Camarinha-Matos et al., 2004). The

purpose of such networks is to “support active regyeind facilitating better use of the talents and
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potential of retired or retiring senior professit®iaas mentioned in (Camarinha-Matos and
Afsarmanesh, 2010).

Considering the PASEF assumptions, it would berdels that in the mentioned scenario
Senior Professionals abilities could be represerttgdactive constructs that would find
collaboration opportunities for them and improve thhances their services have to be selected. In
fact, these constructs are the Pro-Active Servia#i&s that do not intend to perform the services
in substitution of the Senior Professionals, btherarepresent them and improve their business

success chances.

4.2.2.Multi-Level Modelling

The Pro-Active Services Ecosystem Framework archite is modelled into three abstraction

layers, as represented in Figure 4-2:

* Actors Space — In the lowest layer, we can findedencers, enterprises or other
organizations that are members of the CN. In tlesgmted motivation scenario, we can
find the senior professionals that are willing tontinue their working life after
retirement.

e Service Market Space — At the middle layer, theeethe services the CN members are
able / willing to provide — the PSE layer.

» Integrated Service Space — At the top layer, tietke Integrated Services Space, which
holds a “higher level” of services that are buitirh the composition of simpler services
and, implicitly, may correspond to consortia crdate response to Collaboration
Opportunities. As mentioned before, this is alse $pace for templates of these higher-

level services, created by brokers whenever thagepee that several clients share

Integrated Service
i . T Space

similar needs.

:l‘:l :' ,%‘_ O™ ServiSce Market
: :-

HORDG

Figure 4-2 - PASEF's 3 abstraction spaces
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An example of an integrated service provided byaegprofessionals is a composed consultancy
service created to help entrepreneurs in the oregtiase of a new business. In such example, the
experience attained by the senior professionalingluheir life-time is quite valuable for the
success of the new business. This Integrated ®emtnld include the following services

(inspired in www.secot.ojg

» Activity Start Consultancy — helping the entrepraseto identify the needed steps in
order to create the desired business.

* Quality Management Consultancy — helping the enéregurs to identify the quality
standards and procedures that should be followétkiintended business.

» Financing Consultancy — helping the entrepreneufsitl the best funding solutions.

¢ Communication Consultancy — helping the entrepreneto decide the best
communication infrastructures.

» Accounting Consultancy — helping the entreprenturgganize all the accounting issues.

» Strategic Consultancy — helping the entrepreneuradke their strategic choices both in
terms of market opportunities and marketing stiiateg

* Legal Consultancy — helping the entrepreneurs t@ware of all the legal constraints
involved in the desired business.

*  Human Resources — helping the entrepreneurs to riekéest decisions in terms of

selection of employees and recruiting calendar.

Naturally, these consultancy services have dispricrities and some may depend on the results
of others. As a result, a workflow graph has todeéined, in order to create the mentioned
Integrated Service, as detailed later in this Gérapt

The idea behind the creation of PASEF is that Chbers, at the Actors Space, register
their services and launch a system that represieents — the PSE, that “lives” in the middle layer
— the Service Market Space. The PSEs behave toiadiag collaboration opportunities and
pursuing the creation of consortia, that is therfation of elements of the Integrated Service
Space. To some extent, they constitute a bridgedset the actors’ space and the integrated
service space, in the sense they represent thesatwards taking part of Collaborative

Opportunities (COs).

It is important to mention that the actors confggtineir PSEs, namely in what concerns
their autonomy. In the limit scenario, it is po$sito consider that the actors configure their PSEs
with full autonomy, meaning that the PSE findslbthisiness opportunities, prepare and submit the
proposals and suggestions all by their own init&tiln this case, the Senior Professionals see

their collaboration preparation tasks “shiftedR8E monitoring. The opposite case, very limited
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autonomy, corresponds to the case in which PSEsiange representatives of SPs, but all the

decision-making is on the human side.

This multi-layered modelling spaces diagram alsgghlights one particular advantage of
PASEF approach:

e Aggregation — distinct Services from a CN member are aggregathin a single
construct — the PSEs at the Service Market Spdus. dan be useful in a composition
process, in order to decrease consortia size, basetle inclusion of partners that can
provide more than one needed service.

4.2.3.Actors, Mechanisms and Roles

Taking into account the foreseen usage of PASEE Aictors are identified:

« CN members — the providers of the services (SeRiofessionals, in the considered
scenario),

« Clients — making high — level specifications of tmeeds - the Collaboration
Opportunities (COs),

« Brokers — responsible to prepare proposals fondieeeds, select the Services that best
fit these needs, as well as the corresponding peeis — the CN members,

» Services Ecosystem Administrator, and

* Pro-Active Service Entity — although not a humatogaiven their pro-activeness, PSEs

are considered actors.
Still from a high-level perspective, the identifiemles and the corresponding mechanisms are:

e Services Ecosystem Administration — providing Moritg function and Managing
Performance Information, as well as QoS assessamghtertification, both concerning
services and consortia, as well as managing ciiesatfisfaction.

* Service Integration — providing Service compositioachanisms.

«  Workflow Engine — providing Service execution meukas, needed to launch the
correct service at the right moment.

* Assistants to both CN member, Clients and Broketsch help them interact with the
system.

* Service Entity Representation — the PSE role, dinlymechanisms like:

0 registration in the Services Ecosystem;
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0 check for new existing collaboration opportunities;

o whenever new collaboration opportunities appeartcim#e expressed service
needs with represented services, both directlyirgtidectly, corresponding to the
services provided or to pre-defined service conoest

0 prepare and submit proposals or suggestions farabe of matching success.

4.2.4.Logical Architecture

The Logical Architecture of the Pro-Active Servidésosystem Framework follows a star-like
structure, as shown in Figure 43 the central system — the Services Ecosystem Platform - is

surrounded by the CN member representative systems — the PSEs.

7/**\ PSEs
T

e
(3

Services
Ecosystem
Platform

12

e
(

[§ >

Figure 4-3 - PASEF Star-like platform concept

In other words, the Services Ecosystem is a spawgased of a Services Ecosystem Platform as
the central system, and the Pro-Active Service tiésti which represent the CN members’
services, checking the CO_Board from time to tiriging to participate in Collaboration

Opportunities.

The Logical Architecture of the Services EcosysRiatform is presented in Figure 4-4.
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/

/ Services Ecosystem Platform

Collaboration Opportunity Management
CO Board CO_Wf
Editor

Services / Members Management

J

cowf
Engine

\

QoS / Performance
Manager

Ecosystem Services Collaborative Network
Taxonomy Manager Members Manager P

\ W/

Figure 4-4 - Services Ecosystem Platform Architextu

The Architecture is divided into two layers:

1. Services / Members Management — This layer is respke for the management of the

services provided within the Services Ecosystemyedbas the CN Members that register

themselves and the services they are able / witbngrovide. This Layer is composed of

two modules:

a.

b.

Ecosystem Services Taxonomy Manager — Responsibblehe creation and
edition of the Meta-Services and the correspon@agice Categories that will
be instantiated and provided within the Servicessistem,

Collaborative Network Members Manager — The modsponsible for the
registration / management of the members of the Tis is also the module
responsible for the configuration and launch of tReo-Active Service

Representatives.

2. Collaboration Opportunity Management — This layeresponsible for all the interactions

towards supporting Collaboration Opportunities. Tiedules composing this layer are:

a.

CO Workflow Editor — used by the brokers to creatwkflow specifications
towards tackling specific COs,

CO_Board — blackboard-like infrastructure whereklerse post the service needs
or opportunities for the PSEs to check, try to rate services they represent
and post Bids or Suggestions,

CO Workflow Engine — responsible for the executioihworkflow models,

launching each service at the right moment, thrabghcorresponding PSE.
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The Architecture has a transversal module — the (Re3formance Manager — that is responsible
to track COs' related QoS information, including tiroposals or suggestions made by the PSEs.
The information stored by this module is used afseds for selection purposes.

The Pro-Active Service Entity Logical Architectuseshown in Figure 4-5.

/ Pro-Active Service Entity \

Runtime Behaviour Management

Proposal / Suggestion Service Provision
Manager Management

Setup Configuration Data Management

CN Member Services’ Behaviours’
Informat]on Information Conflguratlon

Figure 4-5 - PSE Architecture

The PSE is also divided into two layers:

1. Setup Configuration Data Management - storing miion about the configuration
given by the corresponding CN member, concerning @N member itself, the
communication mechanisms between the PSE and then@Nber; the Services to be
represented and the behaviours that the PSE spetflorm in such representation.

2. Runtime Behaviour Management — this layer is resjba for the performance of the
previously selected and configured behaviours, sischhecking the CO-Board from the
Services Ecosystem Platform, and making the matthvden the existing open COs and
the services that the PSE represents, as wellgggapng (and potentially submitting)
proposals or suggestions. This layer is also resptnto manage the service provisions,
receiving notifications from the Ecosystem Workfl&nrgine, forwarding them to the CN
member and receiving notifications back from the i@dmber and informing the Engine,

when the service provision gets completed.
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4.2.5.Service Composition Process

The frameworkusage process is divided intochronological sequence of phagghase | ...

phase V), as illustrated ifigure 4-6, towards service composition and the correspon

consortia establishment, whenever rcollaboration opportunities arise.

CN member

"] Indirect Match? .

Broker

oy
[

Client

Figure 4-6 PASEF usage overviein a BPMN-like diagram

I.  Configuration Phase
1. PSE Configuration- first each CNmember downloads a PSsoftware
componentand configures it. This includes setting up theviges to be
represented by such PSE and filling in informatoncerning the provide-
the CNmember. Afterwards, the PSE has to be launchetregisters itsel
in the predefined Services Ecosyst Platformand starts looking for ne
CollaborationOpportunities where the represented services magdhedec,
as well as performing other |-defined behaviours.
Il CollaborationOpportunity Specification Phe
2. Clients’ Need Specificatio- Through the Client’s Assistarthat is a syster
that interfaces with the clie, a high level specification can be made stat
a newCollaboratiol Opportunity.
3. Broker details Business Nee- Based on the high levehodel of the
Collaboration Opportunity specified byhe client, the Broker creates
Business Process Model (BPMusing the Workflow Editorfrom the
EcosystemPlatforrr, detailing the Services requiredh accomplish th
specified needs. The BPM does not have to be cde at this stag, but the
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Core Services (defined as the first services texseuted at runtime) have to
be defined in order for that BPM to be able totstarexecution.

4. Client BPM Commit - When the BPM specification sady for execution
(not necessarily complete), the Client is requesiembmmit to that BPM.

5. Broker writes needs on the CO_Board - After thee@liCommits to the
specified BPM, the Broker announces the specificvie needs in the
CO_Board from the Services Ecosystem.

Il PSE Proposals / Bidding Phase

6. PSE checks for Business Needs - Each PSE looksCfilaboration
Opportunities on the Services Ecosystem’s CO_Boardording to a pre-
defined frequency rate, towards two possibilitiematching:

a.Direct - a Business Need matches exactly one oB#rgices that the
PSE represents;

b.Indirect — following the notion that the need fosexvice A may also
indirectly represent a need for some other SerBceexpressed
through service connections made by the CN memther, PSE
checks if any of the represented Services indiyenthtches the
specified needs. In other words, if the clientd tieguest service A
usually also need the provision of Service B, tisEMnay propose
the provision of B, in an auto-initiative basis, emever a need for A
is specified.

7. PSE prepares Proposal - both in the direct andecdidmatching cases, the
PSE is responsible to prepare a first version pfoposal / suggestion that it
will post afterwards towards the participation ogiv'en consortium.

8. Provider Commits to the Proposal — a PSE can bégtoad to send the
proposals automatically or to ask the provider dmnplete / review them
before submission.

IV.  Service Selection / Negotiation Phase

9. Broker checks Proposals — after a pre-defined fian@e, the Broker checks
the received proposals and selects the ones thstt fite the needs.
Alternatively, a negotiation process may take pliacerder to change some
details of the existing proposals or bids, namedgrdasing the provision
conditions in order to attract more bids.

10. Contractual Commitment - Both the Client and ak tAroviders have to
commit to each other through a contract generatethét purpose.

V. Execution Phase
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11. BPM Launch - After the BPM has all the providertested, at least for the
Core Services, it is possible to launch it, throaghigger made by the Client,
in a first stage. After that, the broker launches ¢xecution in the workflow

engine that is responsible for “triggering” eacim@= at the right moment.

» Edition at Runtime - at anytime during the exeaufatnase, the Broker can complete
or change the BPM. If that occurs, the process gaalyack to:

o Phase Il - when the BPM did not get complete bestmeting execution. This
case may happen when there is not enough informatian early stage and
that information becomes available afterwardshia tase, the Broker has to
complete the workflow definition, potentially chang some Services.

o Phase lll / IV - when some providers have not beslected yet or there is
some ongoing negotiation process. If the workfloadel became executable
although partially complete, it means that the greniers for the first services
were selected, but there may be services withqériormer selection made
yet. This process has to be complete during runtieeating phases Il and

IV for these services.

4.3. Requirements Engineering Specification Using i*

After the identification of the actors, their rolasd the

mechanisms that will be supported by the framewask

well as the global usage description, the next &tep

| Requirements Engineering

go down into a more detailed descriptive levelptigh

Modelling

a systematic requirements engineering (RE)

specification.

The option of selecting the i* framework for thisERphase was based on two main
factors: 1) i* is goal-oriented, resulting in manguitive diagrams, which helps the connection of
this modelling framework with the previous spedifion of stakeholders needs and expectations;
2) the bridge between i* framework models and twdstused in later stages of software analysis
and design phases is also extensively addresdbe literature, namely for the case of UML, as

mentioned in (Aldewereld et al., 2010).

In a first stage, the overview described in Figdu& is used as input for the creation of a

global “Strategic Dependency” model (SD), that tiees on intentional relationships among
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organizational actors” (Santander and Castro, 2Q9&xt, a sort of “zoom in” is made through
the “Strategic Rationale” model (SR), applied te ttvo identified systems: Services Ecosystem
Platform and PSE.

Table 4-1 presents a brief description of some efgmfrom the i* framework (Aachen,
2008). It is important to notice that the tableyoobntains the subset of i* formalization elements

that are used during the PASEF RE specification.

Table 4-1 — i* partial elements' description

i* Element Short Description

Actor - Active entities that carry out actions tohaéve goals by
exercising their know-how. The term actor geneljcedfers to any|
unit to which intentional dependencies can be bsdri

Goal (Hard Goal) — Represents and intentional desfian actor, the
specifics of how the goal is to be satisfied is described by the
goal itself.

Soft Goal — Soft goals are similar to (hard) goateept that the

Softgos| criteria for the goal's satisfaction are not cleat:-

Task — One of the ways for the elements to achtheegoals is|
Task through the execution of specific tasks. A goal nheydetailed
decomposed in a set of tasks.

SR Dependency links — In a dependency link, dependerdepends or]

O
the dependedo bring about a certain state of affairs in therld.
bependee } | The same dependency links can be established hetasis.

A

Decomposition Links — A task can be decomposedsei@ral other
elements like a sub-goal, a sub-task, a resouraesoft-goal.

Subgoal Softgoal

<Sublask> Resource

pelp—— Contribution Links (Help) — A partial positive coittution, not
o sufficient by itself.

----- ~.
A Actor Boundaries — Actor boundaries indicate intemdl boundarieg

of a particular actor. All of the elements withinbaundary of an
actor are explicitly desired by that actor.

4.3.1.“Strategic Dependency” Model

The Strategic Dependency Model (SD) is a globakifipation composed of a set of nodes

representing actors and dependency links connedirap actors, indicating that one actor
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depends on another actor in order to attain a spegadal. This is the first i* diagram, and models

the main interactions between the distinct actord the systems: the Services Ecosystem
Platform and the PSEs. It is important to noticat this is neither complete nor a final diagram,
given the fact that it is produced in an early stafjithe software lifecycle. As a result of thistfa

it only models the most important interactions.ldter stages, more detailed diagrams will be

focused on further modelling the interaction betwaetors.

Figure 4-7 represents the described overview of BEFASThe main “Soft-Goal” of the
framework is the “service provision” from the CN mmeer (at the right-bottom “corner” of the
diagram) to the Client (at the left-bottom “corneif’the diagram). It is reasonable to say that all
the goals (Hard and Soft) and the Tasks in therdiagbetween these two actors, “positively

contribute” to this higher level soft-goal.

-
A ean ( Become Aware )
Create Detailed fiievices of new COs

Workflow Plan Ecosystem|
Platform
- Register

Launch BPM
Execution Submit
Proposals or
Suggestions

P

// [ AssureQos < Launch Service //
Provision /
( Broker L\ [ PSE
Repre_s-e;t and x/

Promaote
\/ Services -

Enter High-level
Meeds
Provisicn Plan

Trigger Service

Provision Start
Launch Plan —
Execution /_ \ /" Represent CN
/ member's
Services

Represent Client

e s
@ i @
Provision

Figure 4-7 - Strategic Dependency Model (simplified

It is also interesting to notice that this diagreomresponds to the elements from the BPMN-like
diagram defined in the previous stage of the saofiviifecycle in Figure 4-6. Furthermore, in the
next two sub-sections, the Services Ecosystem &kdystems will be detailed with SR models
that zoom in the systems, further highlighting detan how each interaction is performed.

Finally, it should also be mentioned that a softlgbetween each pair of actors,
represents the high-level goals that are not detaih this early stage of the requirements
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engineering phase, but are already clearly idexdtifiEach of these soft goal dependencies
includes a set of tasks or goal dependencies tedeas important than the ones represented in
this diagram, but that also need to be addressebergoals are:

* Represent the Client — this soft goal dependencgleftned between Client and the
Broker, stating that the client depends on the &rédr this purpose.

» Assure Quality of Service — this soft goal is defirbetween the Broker and the Services
Ecosystem software system and maps the concepa&b§sessment mechanism defined
in Section 3.2.3. As a result, the Services Ecesystvill track all the collaboration
opportunities, proposals or suggestions, workfloedet execution, as well as the client’s
satisfaction in order to assess QoS.

» Represent CN member’s services — this soft godéfimed between the CN member and
the PSE software system, mapping the high level @imSE. Although there are two
other main dependency links, the PSE should alsalbe to perform negotiations or
promotions, if the corresponding CN member confguit in that direction. These are
two example extensions of this framework. In pattc the negotiation functionality was
not addressed in this research work because sesmuald results already exist in the
literature.

* Promote Services — this soft goal is defined betvmtbe PSE and the Services Ecosystem
software systems and maps the soft goal of repiatsam of CN members’ services, this
time between the two main software systems — th&is Ecosystem and the PSE,
stating that the Services Ecosystem depends on R8Ehis service representation

purpose.

4.3.2.Services Ecosystem Platform - “Strategic Rationale” Model

The SR model is a graph with several types of na@aeklinks that work together to provide a
representational structure for expressing the lddiahind dependencies. In other words, a “Zoom
In” is made to the actors from the SD model in orgeshow their specific details or how they

will pursue the desired goals.

In the case of the Services Ecosystem Platformatters that interact with it are the
Broker, from the Client side; and the PSEs, from @N members side. Figure 4-8 shows the
internal structure of Services Ecosystem Platfonah lsow the dependencies “propagate” into its

internal goals and tasks.

113



4 — Logical Architecture

Services
Ecosystem
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Assure Quality
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Figure 4-8 — Services Ecosystem Platform — StratRegtional Model

The following list describes the four main intergakls of the Services Ecosystem Platform:

* Service Taxonomy Management — this goal providesnamon understanding within the
Ecosystem. All providers (PSEs and the correspanddN members) and all the
consumers (Brokers and Clients) have to comply Wighdefinitions made by this goal.

¢ Collaboration Opportunity Management — this goaleisponsible to manage all the COs
and the corresponding proposals or suggestions maBSEs.

«  Workflow Edition — this goal is the one upon whitte creation of the detailed workflow
plans depends. This goal is decomposed into tlke tésldition of Services”, “Post Calls
for Proposals” and “Select the Best Proposals”. Hudelition of services itself is
decomposed into two tasks: the insertion of aedisiand transitions. This group of tasks
create the skeleton of a workflow plan. Afterwarttgre is the need to post Calls for
Proposals in the Services Ecosystem CO_Board, aoRBEs become aware of the
needed services. Finally, the selection of the pesposals concludes the creation of
executable workflow models.

«  Workflow Execution — this goal is responsible faing the executable Workflow Models

created and launch each service at the right moment

In this SR model, there are also positive contidng between goals. For example, the
Community Management goal, the Taxonomy Managemeat and the CO Management goal
all contribute positively to the Workflow Editiorogl. The Community Management provides a

pool of CN members who are willing to provide seed. The Taxonomy Management guarantees
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a common understanding of what each service isdieig to perform and how it can be included
in a workflow model, both in terms of needed infation and produced results. Finally, the CO
Management tracks the phases of each CO, stattthg alient’s need specification and ending at
runtime.

4.3.3.PSE - “Strategic Rationale” Model

The PSE SR follows the same approach as the Serzimesystem Platform SR. The main goals
are mapped and decomposed into their main tasksleisified in the global SD model, the PSE
interacts with the Services Ecosystem Platform tiedCN member. As the main aim of this
software system is to represent the services fl@ON member in the Ecosystem following an
auto-initiative approach, the CN member needs tdigore it not only concerning some profile
data and the services he or she is willing to glexo the Ecosystem, but also how autonomous

the PSE should be, as well as how should it behave.

On the other side of the diagram, the main depeaséerbetween the PSE and the
Services Ecosystem Platform are mapped as theojaalllaboration opportunity management.

This goal is then divided in two main tasks:

» Check existing collaboration opportunities — ttask is performed by the PSE in a pre-
defined frequency rate, allowing the PSE to becamare of new COs in a reasonable
time-frame, after such COs have been posted bglehr

* Prepare / Submit Proposals or Suggestions — iea $tage, whenever a CO is found,
matching the represented services, the PSE isnsiype to prepare a proposal and ask

the represented CN member to edit and commitdb pwoposal, so it can be submitted.
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Figure 4-9 - PSE - Strategic Rational Model

As mentioned before, major decisions concerning dbiéware specification should be made

between each pair of stages identified in thatwsok lifecycle. After the requirements

engineering phase, two decisions are presentedbelo

1)

2)

All the interactions involving human actors shobElmade through a portal system. The
drawback of this approach is the centralized natdirthe solution. Nevertheless, since
PASEF is a prototype system with non-commercialppses, this bottleneck is not
considered relevant.

Based on the fact that the PSE should behave irawo-initiative basis for its
representative purposes, the system should beapmeewithin an existing Multi-Agent-
System Integrated Development Environment. Thefgutat selected for the prototype
system development is JADE, because it is suppdnyean active research community
and it offers an easy development approach. Fumiier two general MAS design
characteristics, also followed by JADE, are alignsih the Pro-Active Services
Ecosystem Framework concepts (Bellifemine et &Q7): 1 - an agent is autonomous
and pro-active; 2 - agents are loosely coupled,nmgathat the communication is
asynchronous and no temporal dependency existsebatwnessage senders and
receivers. As a result, the development targetieptoof of concepsupport prototype
through a Web-based prototype infrastructure loultop of the JADE platform.

These two decisions are especially important & stége for the next phases to benefit from

them, because all the analysis and design madevaftis take these facts into account.
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4.4. UML - High-level Design

The “high-level design” and the “detailed

Modelling

specifications” phases are made using UML formadism High-level Design

because of their intuitive look, on one hand, anhd

because of the mapping with the RE phase diagrams;

facilitating the specification process, on the othand. Furthermore, a literature review shows
that UML is still one of the most suitable techregqufor these two phases of Object Oriented
(O0) software construction. Actually, UML is alsode factostandard in other OO based

paradigms, like the Aspect Oriented Programmingillastrated in (Khan and Nadeem, 2010;

Zohreh, 2010).

The UML tools used are:

¢ Use Cases Diagrams — representing the main systeamee points;

» Class Diagrams — identifying the main classes caimgothe Services Ecosystem
Platform and the PSE, as well as how they areeeliat each other.

¢ Sequence Diagrams — identifying how the variousesys should behave whenever
each Use Case is triggered.

e State Transition Diagrams — used whenever iteratiechanisms have to be
modelled, because they better describe this kinthedfaviour when compared to

sequence diagrams.

4.4.1.Use Case Diagrams

The definition of the Use Case diagram from a saféwsystem identifies the actions that the
actors can trigger. The black box metaphor can sed dor the description of these design
elements as they represent the usage of the sysitdiout detailing yet how the system should
process such requests. In other words, from thgeugarspective, a request is made and, despite

the way the results are reached, a response istexpe

The utilization of i* on the previous phase helps process of identifying the Use Cases
of the Services Ecosystem and the PSE. Each igehgbal leads to a potential Use Case. Figure
4-10 shows the main Use Cases of Services EcosyRi&iorm, both concerning the interaction

with the Broker representing the Client; and th& P8presenting the CN member.
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Only three main Use Cases were identified for treeAttive Service Entities, as mentioned in

the RE phase: 1) configuration of the PSE (CN mejn@¢ launch service provision (PASEF), 3)

notification of service provision completion (CN mker) - Figure 4-11.

Pro-Active Service Entity (PSE)

Tt

— N
Services Ecosystem /
otify Service
Completion

Platform
Figure 4-11 - Main PSE Use Cases

CN Member

In the selected application scenario, describe8ldiction 4.2.1, these are the two main Use Cases
where the Senior Professionals interact with PASHISt, with the help of specialists from the
Senior Association they belong to, a setup is nmam#iguring the PSE that will represent the

services they are able / willing to provide. In ecand stage they receive the notification
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whenever a service provision should be about td atal they notify back the PSE when such

provision gets complete.

4.4.2.General Services Ecosystem Platform Class Package ICE Diagram

The specification of the classes composing theesysto be developed followed the ICE

methodology dividing the classes into three groups:

» Interface — the classes from this group are degticat interface with other information

systems or final users. The main objective of tinsup is to prepare the meaningful

information in both directions: from the controbstes to the users or other systems, as

well as the reverse order, towards releasing cbal@sses from mechanisms like parsing,

translating or validating.

» Control — all the logic of the system is develo@gdhe control classes. These classes

receive the requests corresponding to each Use @aseuse or update the information

of the classes from the Entity level and produeeréisponse results from that Use Case.

» Entity — the classes that represent data objes®,direct image of database information.

Figure 4-12 represents the main packages of clasgaghe Services Ecosystem Platform within

an ICE diagram.

Pl PSE Interface
Communication Communication
Management Management

XML Quality
Message of
Protocol Service

Control
Client Collaboration Pro-Active Community
Opportunity Service
Entity
DBMS :
Management Ent!ty

Figure 4-12 — Services Ecosystem Platform packbggsliagram
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For each package of classes, one Class Diagramfireed afterwards, identifying the included
classes, their attributes, constructors and methasiswell as the relations between distinct
classes. Figure 4-13 shows the Class Diagram frenXML Message Protocol from PASEF, for
illustrative purposes. In this diagram, a main €laalled PASEF_XML_Msg is defined as a

general class below which the other particularsaas corresponding to specific messages, are

defined.

PASEF_XML_Msg

-Document dom

+PASEF_XML_Msg()

+createDocument() : void

+getElementTextValue(ele : Element, tagName : String) : String
+getElementintValue(ele : Element, tagName : String) : int
+printToFile(fileName : String) : int
+get_str_from_XML(tmpFileName : String) : String
+parseXmlFile(xmlFileName : String) : int
+get_XML_from_str(XMLstr : String, tmpXMLfileName : String) : int

ProposalMsg QueryCFPforSeMsg
-Proposal theProposal -AlD parkAID
+ProposalMsg(_theProposal : Proposal) -AlD cIienFAID
+createProposalElement(oneProposal : Proposal) : E.. | -AID providerAlD
+getProposal() : Proposal +QueryCFPforSeMsgl()
+proposalMsgGeneration() : String +createServiceElement(serv : Service) : Element

+createConnectionElement(srvConn : ServiceConnection) : Elem...
+create TimeStampElement() : Element

+getService() : Service
+registerSEinParkMsg(PSE_Park_Agent_AID : AID, se : Service...
+retrieveSEfromQuerylfMsg(querylfMsgContent : String) : Servic...

ProposalReplyMsg

-Proposal theProposal

-boolean proposalResult
+ProposalReplyMsg(_theProposal : Proposal, _proposal...
+createProposalReplyElement() : Element
+proposalReplyMsgGeneration() : String
+retrieveProposalReplyFromMsgContent(proposalReply...
+getPropAcceptResult() : boolean

1

QueryCFPforSeReplyMsg
-cfpList theCfpList

+getPropCIntAID() : String
+getPropSrvKind() : String

CallForProposalsMsg

-callForProposals cfp

+CallForProposalsMsg(_cfp : callForProposals)
+createCFPElement(cfp : callForProposals) : Element
+genericCreate CFPElement{theDom : Document, cfp : callForPro..|
+getCFP(el : Element) : callForProposals
+callForProposalsMsgGeneration() : ACLMessage
+retrieveCfpFromCF PMsg(cfpMsgContent : String) : callForPropo.. |

+QueryCFPforSeReplyMsg()
+QueryCFPforSeReplyMsg(parameter, _cipList : cfpList)
+QueryCFPforSeReplyMsg(replyFromServer : ACLMessage)
+parseMsgContent(cfpXMLIistStr : String) @ int

+getNCFPs() : int

+getOneCFP(i : int) : callForProposals

+getCFPcIntStr{i : int) : String

+getAllCFPcIntStr() : String
+QueryCFPforSeReplyMsgGeneration() : String

+create CFPElement(cip : callForProposals) : Element

getCFP (el : Element) : callForProposals

Figure 4-13 - PASEF XML Message Protocol Class Biag
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Finally, the following collaboration diagrams hatre
how PASEF Portal and PSE behave

aim to model

whenever the corresponding Use Cases are trigge
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where iterative processes had to be modelled.imp®rtant to notice that the following diagrams

do not strictly follow the standards. An adaptatisrmade to the sequence diagrams in order to

merge distinct diagrams into a single one, proygdiigher-level / wider perspective.

Only the two main processes are included, agaiillétrative purposes: the “creation of

a Business Process Model”, as illustrated in Figuiel and Figure 4-15; and the “execution of a

Business Process Model”, as illustratedFigure 4-16 and Figure 4-17.
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Figure 4-14 - BPM Creation Sequence Diagram
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Figure 4-15 - PSE Check CO State Transition Diagram
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The processes represented in the two figures atrvée described by the following sequence of

steps:

* High-level need — Everything starts on the Cliedésexpressing a high-level need.

« Detail BPM — the next step is taken by the Broket uses a Workflow Editor from the
Services Ecosystem Platform to decompose the esquidsgh-level need into a concrete
workflow business process model that is composeanaif-services from the Ecosystem
Taxonomy. After this model is complete, calls foogosals are posted in the CO_Board
component of Services Ecosystem Platform.

» Configure Launch - On the other side of the diagralinthe CN members configure and
launch their PSEs.

Figure 4-15 shows the details of the PSE proceassiate transition diagram.

» Check for new COs — the PSEs check for new colktha@ opportunities in a pre-defined
frequency rate.
« After the first state, there are two possibilitiesthe next state:

1. Wait the pre-defined time before checking agaimiew COs again.

2. Whenever a new call for proposals is found, a matctassessment state is
reached. There are two possibilities of matchingeatl matching and indirect
matching; as detailed in section 3.Zebncerning Business Process Modelling).
Either way, whenever a matching success happeaeg steps follow:

= Prepare a proposal / suggestion,
= Ask the CN member to edit and commit to the prohosa

= Submit the proposal / suggestion.

Back to the Sequence Diagram, after a pre-defimad-frame (the period for the entrance of

proposals / suggestion), the edition process eiittisthe following tasks:

* Show the Proposals to the Broker.
¢ Let the Broker select the best ones for each serVikis is the spot where some iterative

negotiation could take place, as mentioned before.

It is important to notice that in this last taske tbroker may select more than one proposal for
each service, if he has that possibility, in ortlercope with the potential need to change the
service provider at runtime, as detailed also @BFPM section of Chapter 3. It is also important
to notice that the model does not need to be cdmpteorder to be ready to start the execution.
The only constraint for starting an execution iattthe first services in the model need to have a

selected provider / performer.
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Concerning the selected example application scemscribed in Section 4.2.1, the two
diagrams from Figure 4-14 and Figure 4-15 det&it anore the interaction between the PSE and
the Senior Professionals, as they constitute then@xhbers in this scenario. In fact, after the
above mentioned configuration phase, their PSEfaarehed and start looking for collaboration
opportunities where the expertise of the represeste can be used. Whenever an opportunity is
found, depending on the initial configuration oétRSE, the SP may be requested to review the
proposals the PSE has prepared before they becobmeitteed and afterwards he is notified of
their success.

The BPM execution process within the ecosystenuiisnsarized in the overall Sequence
Diagram of Figure 4-16, and the workflow engine hasdsm is represented in Figure 4-17.
Basically, the Client launches the BPM executiod #re workflow engine is in turn responsible
to launch each service provision at the right mdmaccording to the BPM definition, until the

end of that BPM execution.

PASEF Workflow PASEF
Portal Engine Portal

Final Broker ‘ ‘ PSE

1
! | [ S
T ‘ ! | CN Mermber
] 1:Launch I i | el
E BPI\:: 2: Launch } I }
xecution
BPM } 2.1: Launch I }
Execution . BPM ! |
Execution 2.1.1: Start |
Service }
Provision |
| 2.1.1.1: Start
Service
Provision
3: Start
Service
| } Provision
T | |
} I } 4: Provision
| ! ! End
| | |
‘ l 5: Provision End
} 5.1.1: BPM I 1. Provision End
i .1: Provision En
5.1.1.1: BPM I Execution
Execution Complete
6: BPM Complete
Execution
Complete |
|
| | ‘
L a | ! ! I ]

Figure 4-16 - BPM Execution Sequence Diagram
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BPM Execution
Complete

Get Next
Service(s)
to Launch

Launch
Service(s)

Receive Service
completion
notification

Figure 4-17 - BPM Execution State Transition Diagra

Considering again the application scenario, chapdgie “CN member” designation in the
diagrams from Figure 4-16 by “Senior Professioraitresponds to a diagram representing the
consultancy service provision mechanism from sueh iBteracting with their PSE that in turn
interacts with the workflow engine through the PASgortal. This is where such SPs put to work
their expertise within a wider workflow of consulty services from other SPs with whom they
form a Virtual Team towards pursuing the successth# corresponding Collaboration

Opportunity.

4.6. Chapter Discussion and Conclusions

This chapter described the Logical Architecturéhef Pro-Active Services Ecosystem Framework
(PASEF), as well as the design phases optoef of concepsupport prototype. In a first place,
the chapter covered a clarification understandiaeholders’ needs and expectations towards
defining the logical architecture of PASEF. Thisswaade through the specification of an
example application scenario focusing the supmorSenior Professionals to continue their active
life after retirement as a particular case wheré&SPR can be applied. The chapter proceeded
with a multi-level modelling definition that helpdd clarify the aim of the intended Logical
Architecture. Next the actors, mechanisms and nekse identified and the Logical Architecture
of PASEF was presented. This higher-level desomptif PASEF ended with a description of the
service composition process through a BPMN-likegdien. The chapter went down into more
detailed specification of PASEF through the usdgestar framework and UML.
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In the next chapter the experimental developmentescribed, as well as the selected
validation process, which is composed of five watiioh elements, including the experimental
prototype itself, two benchmarking exercises and walidation elements based on the peer

community.
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5.Experimental Development and Validation

This chapter presents the validation of PASEF. Thiglation is composed of five elements: the piafof
concept support prototype, two benchmarking exescend the peer community validation. The chapter
presents these validation elements and ends witlassessment of their contribution to the hypothesis
stated in this dissertation.

5.1. Validation Methodology

Validation is a key process in scientific reseailtls a necessary step for two main reasons: 1 -
the results need to be valid in order to be acde@®e further research can be built upon such
results. In other words, for a research initiaivebe accepted among the scientific community,
two implicit questions have to be considered: 1Wa$ it validated?” and 2 - “How was it
validated?” If the answer to the first questionnisgative, the research initiative is not even
considered by the peer community. This consequencgiite fair because research results are
always intermediate in the sense that further rekaaay be based on them, naturally referencing
the initiatives upon which they are built. If thesssults have not been validated, there is no
motivation to build something upon them. Furtherep@nother base scientific assumption is that
if the experimental processes of a research imvidatre repeated, under similar circumstances, the
results should be the same or, at least, comparabhe original ones. The answer to the second

guestion is meaningful exactly when such experiatént is about to be repeated.

The experimentation mechanisms are thus quite itapbas the most commonly used
approach to validate research work. Nevertheleagral cases find barriers when trying to cope
with a direct experimentation in real world sceasrieven though the research may be a valid
contribution to science. In such cases, it is regsto find alternative mechanisms to assess the

formulated hypothesis. Mechanisms like simulatian be used in such cases.
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The case of PASEF is an example where direct dhdefal world experimentation is not
possible with the time limits and resources of ®Rtork. As a result, alternative validation
mechanisms were carried out towards: 1) provethigapresented research effort is a valid one, 2)
the proposed models and mechanisms are worth tsideynas scientific base for future works.

The adopted validation mechanism is thus compok&dvalidation Elements:

1. Prototype Development (ME— As mentioned along the document, a gengroof of
concept support prototype is developed. The mapping betwde base problems
identified for the creation of PASEF and the protdethat Senior Professionals face
concerning ICT solutions to support their activie lfter retirement is the base for the
selection of this motivation scenario for the aggiion of this prototype. Nevertheless, it
turned out not to be possible to test the prototypign SPs in a real professional
environment. The necessary robustness of the ppaptts integration with existing
working environments, as well as the needed trgimictions, which would be required
for a practical use, are out of the scope of thigkwThe solution was reached through the
simulation of real usage.

2. Benchmarking — two benchmarking exercises are maderder to assess PASEF value
“against” other approaches or solutions tacklimgilsir concerns. This work is performed
using an adaptation of the TOPSIS benchmarking emésim, detailed in (Hwang et al.,
1993). This process is based on a classificatioa sét of elements concerning a set of
comparison parameters, as described below. Thédwohmarking exercises are:

a. Approach Benchmark (ME — A comparison between PASEF and other
approaches tackling similar problems, namely thpliegtion of the service
paradigm and Service Oriented Architectures to @wtlaborative Networks
context, as well as the adoption of multi-agentesys in the same context. In
this benchmarking exercise the architectures ofi sypproaches are classified in
what concerns current limitations, as well as airfmass perspective from the
service providers — the CN members.

b. Solution Benchmark (V& — Another benchmark exercise is made between the
proof of concepsupport prototype and other solutions that existie Internet
tackling consultancy services. In a similar waytles approach benchmark, the
comparison parameters used in this case are basedtieolimitations of the
current situation from the service providers arartbusiness interests - this time
the focus is put on the usage perspective.

3. Peer Validation — This element is a key validatirPASEF, made along the research
period, as usual in a scientific research work.sTWalidation Element is of particular

importance, namely to get extra-motivation andeesly, to get other inputs based on a
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broader perspectives from the peer community. Téex palidation is divided into two
validation elements:

a. Refereed Publications (ME— This validation element was made along PASEF
research work through publication of partial aspeat the specification and
implementation, made in refereed international ewerices and journals. All the
publications are included in the ISI Web of Scieaoel a journal publication is
also indexed in the Science Citation Index.

b. Specialists’ Perspective (VE— Specialists opinion was gathered along PASEF
creation especially in the discussions that too#celin conferences where
publications covering partial PASEF results tookcel A complete PASEF
specification and the prototype demonstration walso introducerd to an
audience of specialists in the CN area, at a latage, towards gathering
feedback on the modelling perspective. After thisspntation a survey was
conducted in order to collect opinions and insigtibrmation concerning the

proposed approach.

Figure 5-1 shows these five validation elements fimeline.

[ (VEs) Specialists ]

[ (VE,) Refereed Publications ]

( (VE;) Solutions Benchmark J

[ (VE,) Approach Benchmark ]

[ (VE,) Proof of Concept Prototype ]
| 2009 l 2010 | 2011 [t

Figure 5-1 - Five Validation Elements carried outidg the research period

The following sections describe each of these \alich Elements. Finally, a contribution
mapping between the hypothesis that conducteddhéarch and the validation elements is made,

as shown in section 5.5.
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5.2. Proof of Concept Support Prototype Development

The implementation of proof of concepsupport prototype is presented in this Sectiorina
with the logical architecture defined in Chapte®. mentioned before, the example application
scenario is a consultancy Professional Virtual Comity (PVC) of Senior Professionals (SPs),

as detailed in section 4.2.1. The result framevi@domposed of 6 modules:

1. PASEF Toolbox — The main objective of this modideto have a central control and
monitoring point, which provides a straightforwangchanism for the creation of testing
scenarios, as well as launch, test, and monitothal modules from the Pro-Active
Services Ecosystem Framework prototype - Figure Baks module automates tasks like
the process of creating a PVC composed of a comfij@ number of Senior
Professionals and launching the corresponding P&tasely:

e The creation and registration of the senior praodesds.

* The definition of a set of services each seniorfgagional can provide — a
selection of meta-services from the service’s taxoyn and the corresponding
instantiation.

« The definition of a set of service connections,respnting the know-how /
service expertise from each senior professional.

e« The launch of the PSEs, which represent each Sdiofessional and the
corresponding services, towards finding collaborati opportunities and

improving the selection chances of the represesgedces.

| PASEF ToolBox ‘ Communi ity GUI H Park QoS Specification ‘
0-Clean DB |

® DB @ Local Host DB @ Titanic
PSE Parklocation: |pc-tomfc

PSE Park Framework: |PSE_Frameworl
restart PSEs [ Auto Post 8Os

1 -Insert TeleCare Data ‘

-

\
\
[ 2-Insert N Seniors |~ [
\

3-Insert N (max) Provisions per Senior |

| 5 - Launch psEs for Exsting seniors |

30% =l == Services connected
900/0 === same category / kind
10% “/— BiDirectional

[ & kil PSEs for Existing Seniors |

found PSE_Parks: |pse_park@pc-tomic- 1099/JADE | 121 ‘ hide

1 - Launch PSE - Provider H 2 - Launch N PSEs - Providers. H 3 - Launch Client ‘

‘ 4-insert Pseudo-Random Service Connections |

Figure 5-2 - PASEF Toolbox

2. Service Taxonomy Management — as identified in Hesvice Stereotyping related
concepts group, a module for the specification Skeavice Taxonomy, to which the SPs
should comply, is presented in Figure 5d®wer side). This module provides the
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possibility for the Services Ecosystem administrabocreate new service categories and
include new meta-services in each category, asetkfin Section 3.2.1. This data is
stored in the Taxonomy of the Services Ecosystethiqrused by the CN members to
select the services they are willing to providee Taxonomy is also used by the PASEF
toolbox for the creation of pseudo-random datatésting purposes. Furthermore, it is
possible, through the PASEF toolbox, to import texay information from an XML file,

as well.

Seniors' Community Management
o3 E et Mecnbers
_EdllMelub:r

Mo Mambesr

Service Taxonomy Management
I? Service Kind / Category
x fiet Survice Kinds

Q-vCI-’ a . o
L
o - Hew Sre. Knd
=
S
0 Seracosmain

Mame: ServdceRinghame

Services from a Kind / Category

[} | Gat Sanwcas
3 or chalaren sama achout
X y - . Gat Providers
7 Sedecte =
" 10 Servicein)

E Mamar SarvceName
i -

& DB & LocalHost ' DB @ Titanic ] Show TooRoik ] Shew Debeg Claar A8 Close

Figure 5-3 - Service Taxonomy Management & Ser@oenmunity Management

Senior Professionals’ Community Management — Thoslute is responsible for the
management of the CN members. In this particulae,cdne CN members are the Senior
Professionals who are willing to provide consultaservices, taking benefit from their
life-time experience, towards remaining in an aetiife. This module provides the
functionality of service and service connectionfedfication. After the SP profile is
complete, the PSE launch takes place, in ordeepicesent the corresponding SP, in an
ambassador-like manner — Figure jupper side). Figure 5-4 illustrates the user fatsy
where senior professionals express their know-homcerning service connections. This
manifestation consists on selecting the two metaees from the taxonomy that will be
connected to each other, and deciding the stremgith the directionality of the

connection. This information will be used afterwsardy the PSEs to make service
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provision suggestions, towards the inclusion of tbpresented services in business

process models being built, according to the caisoggfined in Section 3.2.4.

First Service

"Usually when clients look up for First Service ..."

Service Connections for
Joao Santos Figueira de Machado Reis

4:First Service: 8nsert Molding:Second Service:9:Plastic Injection Mold Design and Tooling

4] m 3

Delete Service Connection 2

New Connection

Second Service
"... they wil also want Service 2"

Service Kinds / Category Service Kinds / Category
1:Engineering New Connection Strength 1:Engineering
2.Imechur| rmmed Plash Zlnjection r1u\ded F‘Iasl\
3:End—(o—End Manufacturing 3’.End—(0—End Manufacturing
J
Services Services
111:Desiogn & Engineering: - 700/0 11:Design & Engineering: -
12:New Product Introduction e - ~ 12:Mew Product Infroduction I
13:Backplanes. [v] BiDirectional Connection 13Backplanes. -
4 g [ 3 14:Enclosures/MachiningiAssembly. ~
| Insert New Service Connection |
| Close

Figure 5-4 - Service Connection Definition

4. Senior Professionals’ Services Ecosystem Platfoffhis module is the central element,
which provides functionality to allow the PSEs itadf collaboration opportunities, as well
as potential partners. The module also monitorsatiizity of the Ecosystem, showing
everything that is happening “behind the scenesliva PSEs (upper-right box), clients
or brokers waiting for proposals (middle right bopjoposals submitted (upper-left box)
and all the messages exchanged among distincsgd@tarer box) - Figure 5-5.

This module also includes a monitoring system vistatchdog-like” functionality, which

frequently “pings” the PSEs, perceiving if they mm*“alive”. Whenever a given PSE
does not reply within a reasonable timeframe, tlomitoring module has the ability to
launch it again in an automated manner (a funclitgntghat is useful during testing

phases).
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Figure 5-5 - Senior Professionals’ Services Ecesyd®latform

5. Workflow Editor — The module responsible for theegfication of absBPMs and the
corresponding eBPM, as defined in section 3.2r4t the workflow skeleton definition —
the absBPM; second the selection of the best peéiar for each service resulting on the
eBPM. Figure 5-6 represents an example absBPM,ouitperformers, as explained
above. The specification of an abstract businessgss model starts by the inclusion of
as many activities as the needed services for angoollaboration opportunity. The
second step is the selection of specific Meta-8esyifrom the Service’'s Taxonomy, and
their association to the activities in the workflaefinition. Next, the flow is specified
through the inclusion of transitions between didtixctivities. The final step corresponds
to the specification of the start and end pointshef model. As mentioned before, these
steps should be carried out by a broker, or intdramg. This actor receives a high-level
specification of a need from a client and detailshsneed in these abstract business
process models, in a first stage. In a second séagethe corresponding executable
models are created. Template absBPMs can alsoftredidy such brokers in order to

tackle the needs that repeatedly become expreygsdibbts.

133



5 — Experimental Development and Validation

c

= —

= =

. 2 B Activity B Stralegy =

E B > Stant P A Plan )
= . 2

E e, _../'.v o

? ‘i = Finnan

ce Plan Plan

‘ E qualfty

Figure 5-6 - Example absBPM

The second stage of these models is achieved th@agll for proposals made within the
Services Ecosystem. This call for proposals is anoed in the CO_Board (blackboard-
like infrastructure that the Services Ecosystentféta provides), including the services
from the abstract business process model. The PS&lecking for collaboration
opportunities, find these calls and try to make aaming with the services they are
representing and able to provide under the requi@ullitions, as explained before.
Whenever a match is found, either in the case difect match or an indirect one, the
PSE creates service provision proposalr aservice provision suggestiowhich is sent
back to the broker through the Services Ecosystangefined in section 3.2.4. After a
pre-defined timeframe, the broker selects the palsothat best fit the needs and
potentially includes some suggestions in the abisB&M. The selection of performers
for the services included in an absBPM is whatdf@amns it in an executable document —
an eBPM. There are two possibilities under whichatstract workflow model may
become executable:

« Minimum execution possibility - The services attagtwith the starting activities
have at least one performer selected. The stavited are the ones that have a
transition from a starting point in the workflow del to such activities. In this
case, the selection of performers for the remaisgrgices is postponed.

« Complete model — All activities have performersestdd for the provision of the
attached services, meaning that if nothing goeswaviai runtime, the model will
be executed straightforward and the performersoh service will be notified to
start their provision at the right moment.

It is worth to notice that more than one servicevjier can be selected for a single
service in an absBPM. This fact leaves an openilptiss of requesting a service

provision from the second or third selected providehen the first one becomes
unavailable at runtime. Naturally, all the provigléncluded in the eBPM have also to

commit themselves, even if that is a “second cHaoenmitment.
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Table 5-1 represents 4 distinct possible completiates of a BPM, between an absBPM, at the
left hand side, and a complete eBPM, at the rigihtdrside.

Table 5-1 — Possible BPM completion states

e Activity WITHOUT B Activity WITH

performers associated performers associated

absBPM, ready to | ready to start eBPM, ready to staf Complete eBPM, ready to
start execution - NO | execution - NO | execution - YES start execution - YES

6. Workflow Engine — Finally, a workflow engine proesl functionality for the execution
of the eBPMs. For instance, Figure 5-7 represemtsBPM that is being executed. The
execution of an eBPM is started by the client awod the broker and performed by the
workflow engine. It consists on launching each wervprovision, through the
corresponding PSE, at the right moment. Afterwattie, engine waits to receive a
completion message from the PSE and repeats tlteggavith the subsequent activities
and services, as defined in the workflow model. PIBE itself has an interface with the
Senior Professional to inform him or her that itiise to start the service or to receive the
notification that the service provision is finishdd the snapshot from Figure 5-7, the
“strategic plan” activity indicates a service thatbeing performed. In this case, three
previous services have already been completed, Igathe Activity Start Planning, the
Financial Planning and the Fiscal Planning servitesterms of interaction with the
Senior Professionals, this means that three disBfis have been already notified that
their service provision should start. This notifioa was made by the corresponding
PSEs: pse_1, pse_6 and pse_3, respectively ail@Pthéhemselves have already finished
such services and notified the corresponding P®Bish forward such notifications to
the workflow engine. At the current moment, pse_as halready notified the
corresponding SP as well, and he or she is perfgynthe “Strategy Planning”
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consultancy service, the second service provistorttfat specific senior professional in
this eBPM.
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Figure 5-7 - Example eBPM being executed

In fact, the model of Figure 5-7 corresponds toaheBPM of Figure 5-6, to which 3 SPs were
selected as performers. In this case a suggestimnalgo made by pse_3 towards including a
“Fiscal Plan” service that was not identified i hbsBPM.

The selection of the SPs for each service is supgpdry the QoS data stored at PASEF. It
is worth to notice that the performer lines in thedel of Figure 5-7 correspond to the PSEs
representing the selected seniors, following théViRPstandard notation. The corresponding
proposals are made by the PSEs themselves, redatihg call for proposals. In this particular
example, three PSEs have made successful propesaisig which two are composed of more
than one service:

« pse_1 - represented in the first line, has suaagsgiroposed the following services:
0 Activity Start Planning,
0 Strategy Planning (the service that is being exehjund
0 Human Resources Planning.
* pse_6 —rrepresented in the middle line, has suttlygsroposed the following services:
o Finance Planning, and

0 Quality Planning

Still concerning Figure 5-7, the service that idngeexecuted is the “Strategic Planning”
consultancy service, provided by the SP that isesgnted by pse_1. The interaction between the
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workflow engine and the PSE made towards launchimg) service might somehow go wrong.
Some possible reasons may be a network connectiak lor some unexpected unavailability
from the SP. For that reason “second chance” pessidiere included in the BPM and if this fault
happens during execution, the workflow engine sthadntact the pse from the second choice

towards asking the corresponding SP to executé$iiategic Planning” consultancy service.

Besides supporting the professional life of senitre example application area selected
for PASEF, collaborative networks can also playekevant role in other life settings, namely
independent living, healthy living, and recreatiorife, as identified in the BRAID roadmap on
ICT and Ageing (Camarinha-Matos and Afsarmaneshi1p0n all these areas there is a trend to
evolve towards more integrated services, involvimultiple stakeholders through well
coordinated collaborative ecosystems. PASEF, asnfigurable and extensible framework, can
be applied in such contexts, especially based emptb-activeness factor of the base constructs —
the PSEs. In fact, the behavioural aspect of thmmestructs can be defined for distinct
circumstances. Nevertheless some future work fanatities for the framework are identified in

section 6.2.

In what concerns the specific technologies selefiethe development of this prototype,

three approaches were considered:

1. Develop the whole system from scratch, includidgred multi-threaded mechanisms in
order to create independent and autonomous PSEegelhas all the message exchange
mechanisms.

Build the framework on top of an existing MAS middiare solution.

3. Build the framework on top of an existing Web-Seed middleware solution.

The followed strategy was to combine approachesi23athrough the usage of the Web Service
Integration Gateway (WSIG), defined by FIPA, beeaiisis a user-friendly bridge already
providing combination / integration between the tworlds — MAS and SOA (JADE-Board,
2008). This gateway is extended in order to coph thie defined conceptual framework, namely
for the automation of the notifications made taj aeceived from the PSEs.

The specific platform on top of which the prototypestem is developed is JADE both
because it is supported by an active research coitynand because it offers an easy

development approach. JADE also follows the gengra5 development frameworks’ design
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characteristics aligned with the Pro-Active Senkgcgity Framework concepts (Bellifemine et al.,
2007):

1. Anagentis autonomous and pro-active;

2. Agents are loosely coupled, meaning that the coniatiaon is asynchronous and no
temporal dependency exists between message samtkrsceivers;

3. The system is peer-to-peer, meaning that each agamtiquely identified by the
Agent Identifier, as defined by FIPA.

Some of the technologies selected for the develapwifethe prototype, described in this section,

are listed in Table 5-2.

Table 5-2 - Technologies used in proof of conceppsrt prototype

Technology Role in PASEF and key factors for the selection
NetBeans Java IDE IDE for Java development withdaser interface development.
Eclipse Java IDE Java Development IDE used to elxties workflow editor and engine.
JADE Provide a Multi-Agent System towards the doeabf the pro-active constructs of the
framework .
WSIG Integration between PSEs services and oth&HFAmodules.

Although these technologies are selected as the auexjuate ones, the future work elements
identified in the concluding Chapter may resultchanging some of these technologies if some
other ones become more adequate for other applicatienarios or for any other compatibility

reasons.

5.3. Benchmarking

As mentioned before, VEand VE, the Benchmark validation elements, were carrietl o
following a process inspired in the TOPSIS methblivdng et al., 1993). The aim of this
mechanism is the assessment of a distance betwstimctd“elements to compare” to an ideal
approach or solution. This distance is based orcldmsification of such elements under several
classification parameters that have also to betifth In this method, the ideal value is selected
the best value attained in each classificationmatar. The classification is then normalized and
the distinct elements are sorted according to ttanad distance values. The defined process is

composed of the steps detailed in Table 5-3.
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Table 5-3 - TOPSIS method

1. Selection of comparison parameters {CP., CR) — find out what meaningful characteristics
evaluate the elements being compared, quantitgtoredualitatively.
» For every quantitative classification parameterindethe scale for the classificatia
values.
 For every qualitative classification parameter, iefthe possible values and
corresponding quantitative matching towards usimg ¢lassification afterwards. Th

case is not used in the two benchmark exerciseepted bellow.

2. ldentify the elements to compare (EC., EG,) — in each benchmark validation exercise, a se
existing elements are selected in order to purseebenchmarking. These are the elements

will be compared to PASEF.
3. Classify each EC(1 < j < m) — make the classification of all elements betogipared in the
benchmark exercise for each comparison parametei(IC®i < n). In this case all classificatior]

are made in a scale from 1 (lowest classificatignjo 5 (highest classification).

4. Normalization of the classification — use vectormalization in order to be able to use

classification values from distinct comparison paeters in the same formulas. For eadh

classification value  a corresponding normalized classification valyeig calculated

according to the formula:

5. Relative weight of comparison parameters (& < i < n) — identify the most meaningful

classification parameters and the less importassogiving a relative value to each one, with

the guarantee that the sum of all these weightegahquals 1.
» Weighted classifications — after each classificaparameter has a specific weight w
apply such weight to the normalized classificationade in the @ step of the
benchmarking process. For each normalized claasific value | a corresponding

weighed classification valug; Vs calculated using the formula:

Vi =W X,
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6. Identify ideal / anti-ideal value@;", a;), (1< i <n) —the two extreme values, the best and the

worst case, for each classification parametgr Wkere:

maxvj

+ 1<sj<m’
minvj
1<sj<m’
minv;
_ 1<sj<m’

mava-

1<sj<m’

In the two benchmarking exercises carried outttal classification parameters are beneficia

if CP;is a benefitial parameter
if CP; is a cost parameter

if CP; is a benefitial parameter

a
if CP; is a cost parameter

parameters, meaning that higher values correspmadoetter classification on that comparison

parameter.

7. Calculate distance to ideal and anti-ideal valuedter the ideal and anti-ideal extreme values

selection, the distance of each classificatiorutthextreme values is calculated.

D*(A) =Y (% —a) D (A) =X (Vi —a)’

4%

8. Relative proximity calculation — after the absoldistance calculation, a relative distanc

calculation is made for each classification paramet

_ D(A)
'""D'(A)*D (A)

This G value, corresponding to the relative distanced&ai values, is the final result of this
TOPSIS-based mechanism for each element being cechpBhe final step of the mechanism is

sorting the elements being compared accordingad@ohresponding &alue

5.3.1.Benchmark of Approaches

The Benchmark of Approaches validation element a@tnsomparing PASEF with related or
similar approaches. As mentioned in Section 2gkteral initiatives took place already, applying
the service paradigm and Service Oriented Architestto the Collaborative Networks context.
Furthermore, the multi-agent systems’ approachates attracted the attention of several other
research groups in this area. In order to covetwlreapproaches and, at the same time, avoid a
too long benchmarking exercise, three initiativesrevselected as the mentioned elements to
evaluate through the TOPSIS-based method descabede. The selected initiatives are: ICT-I
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(Rabelo et al., 2006), ManBree (Franco et al., 20@&d KIMM's framework (Kuk et al., 2008).
These are the Elements to Compare;YE@ntioned in the previous section. The first tave
selected because both of them use Service Orielypguoaches in Collaborative Networks.
KIMM’s framework is selected because it considérs tisage of multi-agent systems, together
with service orientation in a collaborative contekitese three initiatives are briefly described in
Section 2.5. Table 5-4 shows the ClassificationaPaters identified for this comparison

exercise.

Table 5-4 - Benchmark of Approaches - ClassificaB@arameters

# Name Description

How pro-actively do the constructs representingifess Services behave

CP; | Pro-Activeness -
towards business success?

Does the approach aggregate distinct services gedvby the same entity,

CP, | Aggregation taking benefit from that?

Does the approach include and take benefit from liQuaf Service

CP; | QoS Assessment assessment?

Does the approach somehow considers the suggestservices, other thap

CP | Service Suggestions a traditional bidding mechanism?

Does the approach benefits from usage, meaningtthaty evolve to adapt

CP; | Self-Optimization to the environment.

Classification

After the identification of the Elements to Comp#ES) and the definition of the Comparison
Parameters (GR the classification was performed, as shown ibld&-5 and Table 5-6. For each

classification value, a list of the key reasonstfat classification is presented.

Table 5-5 - Benchmark of Approaches - Classificafip

Pro-Active Constructs Aggregation QoS assessment
EC, ICT-I * Although behavioral | 3 | * Services in the base | 3 | * QoS considered in 5
aspects are out of the constructs. security services, fault-
scope at base constructs, tolerance, real-time
they are carried out at supporting services, etc.
higher levels.
EC, ManBree | * Although behavioral | 3 | * Services + Attributes | 5 | * not considered. 1
aspects are out of the in the base construct
scope at base constructs, |* Aggregation is a
they are carried out at keyword.
higher levels.
EC; KIMM'’s * Negotiation behaviour. 4 | * not considered. 1 *QoS Consideredata | 3
framework | considered. higher level.
EC, PASEF * One of the key factors 4 | * Services + Attributes | 3 | * QoS assessed in all 3
for PSEs. in the base construct. service provisions.
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Table 5-6 — Benchmark of Approaches - Classificaii)

CP, CR;
Suggestions Adaptability
EC1 ICT-I * not considere 1 | *key design got
Ec2| ManBree | * not considered * service entities wrap interoperability
constrains
- - - - - -
EC3 KIMM's |, not considered 1]’ Engineering Service Server hides 5
framework interoperability constraints
—
EC4| PASEF |, gg'éic;ggg:; service inclusion 3 | * PSEs wrap interoperability constrains P

The two classification tables — Table 5-5 and Tabieé — are key elements of this TOPSIS
method as this is the point where the concretesifieation values are given to the Elements
being compared (Efunder the selected Comparison Parameterg.(OR the other hand, this is
one limitation of the method as it embodies a cdsgidgement of the own cause”. Nevertheless,
an effort was made in order to minimize this fadod avoid falling in the temptation of over-
grading PASEF. For that reason, a short classificatcale was selected, from 1 up to 5, in order
to swallow up, to some extent, the subjectivitytlé values. Moreover, the systematic nature of
the process contributes as a positive factor amiks straightforward. It is also worth to notice
the classifications attained in the L£P “Adaptability”, where PASEF took the worst
classification. In fact the adaptability is a kexgtor and an improvement of PASEF will have to

be made in the near future, as mentioned in thedwrork section.

Normalization

As mentioned before, the normalization processfaliow a typical vectorial approach. Table 5-7

shows the normalized classification values.

Table 5-7 — Benchmark of Approaches - Normalizeas§ification

CP, CP, CP; CPR, CPhs
Pro-Active . QoS . -
Constructs Aggregation assessment Suggestions adaptability
EC, ICT-1 0.4243 0.4523 0.7538 0.2887 0.5774
EC, ManBree 0.4243 0.7538 0.1508 0.2887 0.4619
EC; KIMM’s 0.565: 0.150¢ 0.452: 0.288: 0.577:
framework
EC, PASEF 0.5657 0.4523 0.4523 0.8660 0.3464
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Relative weight for Comparison Parameters

Deciding the relative weight for each comparisorapweter is not a linear exercise as each one
tackles a distinct perspective that complementsother CPs. A simplistic solution would be to
equally weight all parameters. Nevertheless, amtisapproach is selected and the weight given

to each parameter is based on two factors:

1. How effectively does that comparison parameterecefla solution to the limitations
identified for current approaches?
2. How effectively does each parameter influence tbevise providers in a business

perspective?

Table 5-8 shows a classification in the scale frbnlowest) up to 5 (highest) to these two
guestions for each comparison parameter. The weigkch comparison parameter is calculated

based on this classification.

Table 5-8 — Benchmark of Approaches - Relative Wwedj Comparison Parameters

CP, CP, CP, CP, CP;
pro-Actve | aggregation) 9% | suggestions Adaptability
1 5 4 4 3 >
sumn 10 9 P 7 5
weight 26% 23% 21% 18% 13%

Weighted classifications

Table 5-9 shows a “weighted normalized classifaodti resulting from the relative weight of the

classification parameters.

Table 5-9 — Benchmark of Approaches — Weightedsifiaations

CP, CP, CP; CP, CPs
Eroongt?h“étes Aggregation as sQegsSm ent Suggestions| adaptability
EC, ICT-I 0.1088 0.1044 0.1546 0.0518 0.0740
EC, ManBree 0.1088 0.1739 0.0309 0.0518 0.0597
EG KIMM's 0.1450 0.0348 0.0928 0.0518 0.0740
framework
EC, PASEF 0.1450 0.1044 0.0928 0.1554 0.0444
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Ideal and anti-ideal values

The ideal and anti-ideal values are gathered $etethe highest and lowest classification for

each comparison parameter. Table 5-10 shows ttadses/for this approach benchmarking.

Table 5-10 — Benchmark of Approaches — ideal atidideal values

CP, CP, CP; CP, CPs
Pro-Active 8 QoS n .
Constructs Aggregation assessment Suggestions| adaptability
Idea 0.145( 0.173¢ 0.154¢ 0.155¢ 0.074(
Anti-ideal 0.1088 0.0348 0.0309 0.0518 0.0444

Distance to ideal and anti-ideal values and relat& closeness to ideal values

The fourth step of the TOPSIS-based mechanism leddsuthe distance of all classifications to

the ideal and anti-ideal values. The fifth stephget these distance values to calculate the final
relative closeness to the ideal values. The fina@p gs sorting the approaches based on the
benchmarking result — the C value. Table 5-11 shtiwese distances, as well as the relative

proximity C, already sorted.

Table 5-11 — Benchmark of Approaches — distandégeal values and relative proximity

Approach D+ D- C
EC, PASEF 0.0977 0.1439 0.5957
EC, ICT-I 0.1300 0.1450 0.5278
EC, ManBree 0.1661 0.1399 0.4573
ECs KIMM’s framework 0.1842 0.0776 0.2968

The final results of the TOPSIS-based mechanisnlieapo this benchmark exercise put PASEF
in the first place. This fact was expected, to soextent, because the selection of the
classification parameters was centred on the nmiaitations of current approaches, which were
indeed taken as the base for PASEF specificatiba.classification of the other approaches was
also expected. On one hand, KIMM'’s framework isseléo PASEF in what concerns the multi-
agent systems characteristics. On the other hardyianBree approach is also close to PASEF,
this time in what concerns the aggregation fadimvertheless, despite these two intermediate
classifications, the “second place” goes to the-l@pproach because, although it does not gather

a “closest” classification in any specific factdrhas a relatively strong classification in seVera
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classification parameters. This fact has a padicuohagnitude in the adaptability perspective,
which is a classification factor where ICT-l1 hadetlbest classification. After ICT-I, the
classification of Manbree is very close becausbkeiefits from the aggregation classification
parameter where it gets the higher classificattamally, although the KIMM’s framework comes

in the last place far from Manbree, it gains in pine-activeness factor along with PASEF.

As mentioned before, this benchmarking exercistesuifrom a limitation asdhe cannot
do a thing that he is a proper judge df(©scar Wilde). In fact, the selection of the clifisation
parameters and the classification marks attaingtiérElements being Compared (Efor each
Comparison Parameter (Pwas based on a personal opinion or understandihgs fact

introduces subjectivity and one can argue thairdispersons would reach different results.

In what concerns the selection of the comparisaamaters, this limitation is somehow
diluted because the option taken was the selecicguch parameters based on the limitations
identified in the beginning of the work. Althoudhig choice benefits PASEF, as these limitations
were also the base inspiration for the creatiothisf framework, it still is quite fair because thes

parameters are exactly the elements intended tmirapn comparison with existing approaches.

In what concerns the values attained for thedCeach PCalthough they were based on
personal understanding or opinion, an effort wadertawards producing a fair classification. For
that reason, a small scale was selected, fromtb &pin order to dilute the main advantages of

PASEF against the other approaches.

In fact, whenever a benchmark exercise has to o pgither through TOPSIS method or
some other mechanism, there is a point where datiné classifications have to be given to the
elements being benchmarked. At this point of tleegss, there are two possibilities: 1) the values
result from absolute measurements, like the timgeitonds that a system takes to perform some
task, or 2) the values result from an evaluatiorthef elements being benchmarked, following
some criteria, and this evaluation is always magéulmans, meaning that distinct persons can
reach distinct results. Nevertheless, an effort wesle towards finding out the reasons and
arguments based on which each value was selec@iesented in Table 5-5 and Table 5-6 — the

classification tables.

Moreover, the fact of using a transparent and gittbbrward mechanism in this
benchmarking, like the TOPSIS method, works asdwar@age, as other than the selection of the
classification parameters and the classificatiealfi all the process is definedpriori and goes

straightforward.
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5.3.2.Benchmark of Solutions

The Benchmark of Solutions validation is made tigtothe comparison of PASEF prototype with
existing solutions found on the Internet that alackle consultancy services. This validation
element follows a usage perspective. The first Eedpe identification of the factors that will be
compared between the PASEF prototype and the mgisolutions. Next, these mentioned
solutions are selected and each one is classifiredhe identified comparison parameters,
including PASEF. The identified comparison paramsesge described in Table 5-12.

Table 5-12 — Benchmark of Solutions — Comparisaiamaters

# Name Descriptior

How specific is the solution? Can it be applieddistinct economical areas? Can it pe

CPy Specificity applied to other kinds of services, distinct froomsultancy?

CF, Effectivenes How effectively does the solution achieve the dsbgoals’

CP; QoS reward Does the solution consider Qualityerf/iBe rewarding?

CPR, Collaboration Does the solution consider the daltation between distinct consultants?

In what concerns the selection of existing solwgjahwas difficult to find the right ones for this

benchmarking. For that reason, the target wasictesirto general consultancy solutions, where
freelancers and clients / customers can get coededven though some websites provide
mechanisms for free-lancers to register and prothee& services, collaboration mechanisms for
the free-lancers to work with each other were jically not found — a key comparison parameter.
The only interaction found was always between tdieand the freelancers. Two solutions were
selected for this benchmark exercise: liveperson/erperts and freelancer.com, briefly

described below.

EC, — lifeperson.com/experts http://www.liveperson.com/experts/

Lifeperson is an online solution targeting the lelssament of a connection between enterprises
and their clients or costumers. The solution isdvabed and relies on communication channels
like video-conferencing, chat or document exchdongéhe consultancy interactions. The solution
lets members that need consultancy services toefiperts on a specific field and provide them
the mentioned communication channels. Afterwardfgperson receives the payment due to the
consultancy services from the client and forwakds pjayment to the service provider in a pay-
per-time basis. In this case, the focus of theicerig on the experts — the freelancers. Table 5-13
shows a sample browsing snapshot of the expenaiéable at liveperson.com, in distinct areas.

Table 5-14 zooms in the Computers & Programmingedige area.
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Table 5-14 — Computers & Programming

Expertise
Table 5-13 — Browsing liveperson.com Expertise Available Experts
available expertise Applications 61
Computer & Video Games 12
= : C ter R 18¢
Expertise Area Available Experts ompuiter =epa
Arts & Creative Servi 845 Databases 136
1S & Lrealive Services = Handhelds/PDAs 10
Business & Financ 230:
Coachina & P I Hardware 49
oaching ersona Help For Beginners 158
Development 940 Int s h 527
Computers & Programmil 230t n l?lmt\?v I((e_arc es 106
Education & Tutoring 1425 off‘e grftlng %
Health & Medicine 1348 o PI '(;re oDwarT n 6
Home & Leisure 155 peg a ?rm Sevte opmen 59
Legal Services 310 Other C peratlng &y;ems - 120
Spirituality & Religion 5672 Per Omputers d Crogran;_mln 7
Professional Counselling 564 rograr;mlng and -omputing 286
Shopping & Styl 46¢ rogramming_
- - Security & Encryption 70
Social Media 145 Svstern Administrati 152
Other Expertise 0 ystem Administration
Total 16481 Telecommunication 133
Web Development 290
Website Partners 3
Wireless Technology 26
Total 2305

These categories are further detailed in some casdseach professional shows his or her
expertise in a short text as well as price per peinihe system also shows the classifications
given by previous clients in a 5 star scale. Figes& highlights a snapshot of the website in the
Firewall expertise area from the networking expertjroup, highlighting the expert “Dan007”

that has already received 1392 reviews. It is plsssible to zoom in the reviews and see how

previous clients graded a given expert and any cemtsrthey left.

Online

ﬁ Dan007 »

“ 2.

Online

» Hardware (49)

» Help For Beginners (158)

» Internet Searches (227

Figure 5-8 - liveperson.com snapshot

EC, — freelancer.com -http://www.freelancer.com/

Freelancer.com is another online service that wasks® marketplace providing the means for

employers and freelancers to collaborate. The nmésimais similar to liveperson.com/expert.
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Projects are describeth free textfor freelancers to post bids. Theervice also include
mechanisms for providers and consumers to gradeaher. Freelancer.com provides a mes:
board system for private communicin and the payment is made in dastone bas, meaning
that milestones are defined and the payment ade upon their completiorFreelancer.cor
highlights two innovatioraspects, althou¢ only the first one is partially new: 1an API that
allows retrieval of freelancer.com information irder to be used by members’ own applicatic
2 — dedicated interfad®r members to earn money from their websites lgyutfing text links
banners, etc. In this case, the focus of the seligion the project the business opportunitie
Table 5-15shows a sample browsing snapshot of the projeeisaaiad the number of availal
projects waiting for bids, in each ar Zooming in “Mobile Phones & Computing”, for examp
specific project areas are showrth the corresponding number of available projeaging for
bids Table 5-16Finally, zooming in the Android project area,able shows each proj in a
row, including details like a project name, a diggin, the number of bids already submitted

the average price requested in the bFigure 5-9shows a snapshot of the site, highlightin

project from this area that alrealdsd 7 bids

Table 5-16 —Android Jobs” availabl

Projects
Table 5-15 -Browsing freelgncer.com projec : Number of
waiting for bids Project Area Project:
Amazon Kindle 2
Project Area Number of Projec Android 214
Websites, I' & Software 966¢ Android Honeycomb 10
Mobile Phones & Computing 1105 Appcelerator Titanium 4
Writing & Content 2340 Blackberry 56
Design, Media & Architecture 4434 Geolocation 8
Data Entry & Admin 1017 iPad 162
Engineering & Scienc 31t iPhone 327
Product Sourcing & Manufacturin 95 J2ME 12
Sales & Marketing 2819 Mobile Phone 311
Business, Accounting, Human Nokia 4
Resources & Legal 186 Palm 1
Other 219 Samsung 0
Total 22198 Symbian 12
Windows CE 1
Windows Mobile 13
Total 110t

Job Tvpe

Time Left (4]

Project Name Aua (118N
e apprCard

pevelopment Brief Iphone/Android App Similar to CardStar app

Requirements 1.Ability for users to download the app 2.The app will

Bg free 3.User to login with username and password (if nota

menTbesthey can register) 4.Subject to their le...

iPhone, Android, Blackberry Aug 16,2011  5h4m

Nonpublic project #1171622

iPad app - PDF Read out loud

PioTe, Android Aug 18,2011  9h 38m

$741 iPhone, Android, iPad Aug 11,2011 10h 38m

Windows Desktop, Android, 4 Anaa [N

Figure5-9 - freelancer.com snapshot
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The members of the community can post bids on tbgegs through private messages and it is
possible to see the members who made the bids,nhigetr money they did request and their
rating. This rating is attained through a reviewtsyn similar to the one from liveperson.com.

It is worth to mention that these two Elements tompare (E€ and EG) are quite
distinct from PASEF in the sense that they embdaty doncept of Service Markets instead of
Service Ecosystems. In fact, in the two casestsliean go and find providers or performers for
the services they need. In the PASEF case, the@pabpmbodies a wider concept or space where
providers, clients and brokers share an environroeggted to pursue collaboration. As a result,
naturally the benchmarking of solutions shall reffldat fact.

Classification

After the selection of the solutions to benchmdhe classification concerning the identified
comparison parameters is made. A similar approackhé one taken in the benchmark of
approaches was conducted. A scale from 1 up tosbselected and a personal understanding was
the base for the classification values, alwaysifigcbut the reasons for them. Table 5-17 and

Table 5-18 show the mentioned classifications udiclg the reasons for each value.

Table 5-17 - Benchmark of Solutions — Classificat{p

Ch CPR,
Why? Specificity Why? Effectiveness
— 2 =
. . - provides distinct
EC, | lifeperson.com applied to many activity areas 5 communication channels 4

* 13 main activity categories * 1641 available expertise

* provides private message
4 board communication channel 4
* 425 average open projects

* applied to many activity areas

EC, | freelancer.com * 10 main activity categories

* Support bidding

N .
general, but especially used fc * Direct / Indirect Matching

=

EC; | PASEF senior profes_smnals (in current 3 between projects and providéd 5
implementation) .
services.
Table 5-18 - Benchmark of Solutions — Classifigatfib)
CP; CP,
Why? QoS reward Why? Collaboration
EC, | lifeperson.con * Clients and providers grade 4 * No collaboration between 1
P ) each other's performance providers is considered
EC, | freelancer com* Clients and providers grade 4 * No collaboration between 1
’ each other's performance providers is considered
* BPM support.
* Clients and providers grade * High-level client needs
EG; | PASEF each other's performance 4 detailed in workflow BPMs by 5
brokers
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Normalization

As explained before, after the classification valaee achieved, a vector normalization takes
place. This step is needed in order to guarantee tthe values from distinct comparison
parameters’ classification can be used togethethén benchmarking. Table 5-19 shows the

normalized values.

Table 5-19 - Benchmark of Solutions — NormalizedsSification

CP, CP, CPh, CPR,
Specificity Effectiveness| QoS reward | Collaboration
EC, | lifeperson.cor 0.707: 0.529¢ 0.577: 0.192¢
EC, freelancer.col 0.565° 0.529¢ 0.577: 0.192¢
EC; PASEF 0.424: 0.662: 0.577: 0.962:

Relative weight for Comparison Parameters

The definition of the Comparison Parameters’ weighthe benchmark of solutions is similar to
the one used in the benchmark of approaches. Eadparison parameter is classified on the

factors:

1. How does that comparison parameter reflect a soiuid the limitations identified for
current approaches?

2. How effectively does each parameter influence #reise provider’s business interests?

Table 5-20 shows the classification of each conspariparameter according to the mentioned

factors and the resulting weight values.

Table 5-20 - Solution Benchmark - Relative weighComparison Parameters

Weighted classifications

Table 5-21 shows the classification of each conspariparameter on the mentioned factors and

CP, CP, CP; CP,
Specificity Effectiveness | QoS reward Collaboration
1 2 3 3 4
2 3 4 5 5
Sum 5 7 8 9
Weight 17% 24% 28% 31%

the resulting weight values.

150



5 — Experimental Development and Validation

Table 5-21 — Solution Benchmark — Weighted clasaiions

CP, CPh, CP; CP,
Specificity Effectivenes | QoS rewar Collaboratiol
EC, lifeperson.com 0.1219 0.1279 0.1593 0.0597
EC, freelancer.com 0.0975 0.1279 0.1593 0.0597
EC; PASEF 0.0731 0.1599 0.1593 0.2986

Ideal and anti-ideal values

Table 5-22 shows highest and lowest values frorh eamparison parameter — the ideal and anti-

ideal values. These are the values used to adsesdistance of each solution from the best

classification.

Table 5-22 — Solution Benchmark — ideal and argaldralues

CP, CP, Ch; CP,
Specificity | Effectiveness| QoS reward| Collaboration
Ideal 0.1219 0.1599 0.1593 0.2986
Anti-ideal 0.0731 0.1279 0.1593 0.0597

Distance to ideal and anti-ideal values and relat& closeness to ideal values

Table 5-23 shows the final values from this benatking exercise: the distance to the ideal
value, the distance to the anti-ideal value andfitte relative closeness to ideal values — the C

value.

Table 5-23 — Solution Benchmark result

Solution D+ D- C
ECs PASEF 0.0488 0.2410 0.8317
EC, lifeperson.com 0.241( 0.0488 0.1683
EC, freelancer.com 0.2428 0.0244 0.09114

In this Benchmark exercise the final results puSER in the first position, far from the other two
solutions. Actually these results were somehowadlyeexpected because of two reasons: 1 — the
selected comparison parameters were the base prolhat originated PASEF; 2 — PASEF is the
only solution considering a collaboration factorceng the members of the community using the

solution.

As mentioned in the Benchmark of Approaches, therimitation of this exercise is the

fact that it embodies a case of judging own workvéttheless, an effort was made to overcome
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this issue and the fact that the process was ctediubrough a transparent and straightforward
method like the TOPSIS, dilutes this limitation.

5.4. Peer’s Validation

5.4.1.Specialist’s Opinion

The specialist’s opinion concerning PASEF was alatdialong the creation of the framework,
especially through discussions in conferences, ati@vas possible to collect sound and valuable
contributions. In fact, these discussions strorfgiiped the process of creation of the PASEF
framework, both gathering the opinion of specialist the areas of Collaborative Networks and
Computer Science in general. As mentioned beformth&r strong input and validation

contribution came from the two Portuguese Seniofd3sional associations.

A final peer validation element was made througbuavey conducted with a set of
specialists that also participated in ECOLEAD armt the ePAL projects from which a subset
of 20% volunteered to participate. This group ideld specialists in the areas of computer
science, collaborative networks, industrial engiimgg ICT and ageing, etc. The exercise itself
included a presentation of the complete PASEF freonle description a demonstration of the
prototype. Afterwards, a small survey was conducitk questions used in this survey are

organized around the most innovative topics addeby PASEF — Table 5-24.

Table 5-24 - Specialists survey question topics

Topic
Introduction of Pro-Activeness in service constsuct
Aggregation of distinct services provided by thmeagrovider within a single construct.
Creation of an Ecosystem instead of an open masietthe Internet.
Shorten the distance between business and softwarkls, through the possibility of defining disttnc
behaviours for the PSEs.
Application to Senior Professionals.

Three classification factors are introduced in otdeprovide a systematic classification schema
towards the assessment of how innovative theses@pe, how useful and finally how effectively
PASEF addresses them:

A. How innovative is PASEF approach to the topic?tifais from current approaches)

* ECOLEAD involved 29 partners from 15 countries and ePAL involved 6 partners from 4 countries. On
average each partner involved a team of 3-4 researchers in the project.
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B. How useful is PASEF in the topi (addressing real usage needs)
C. How effectively does PASEF address the tc (solving the identified neec

The classification is mada a scale from 1 (worst) up 10 (best). The statistical data from tl
survey points out the Introduction of the -activeness in the service representative constas
the leading aspeatxception made to the usefulness classificatiotofaghere the aggregation
distinct services provided by the same providehwvit single construct gets the best aver
classification of 8. The pr-activeness gathers 48.average classificatiorvalue in this
classification factor. Figure 56 shows the average classifications made by the afssigroug

concerning the fivaddressed questio

PASEF applied to Senior Professionals.

NS NES—

Shorten the distance between business and... | s
Creation of an Ecosystem instead of an open... :;

Aggregation of distinct services provided by... i§|

Introduction of Pro-Activeness in SErvice. . . | —..

PASEF Effectiveness M Usefulness M Innovation

Figure 5-10 -Average Specialists Opinion / Classification of EA&Snnovatiol

5.4.2.Publications

Along the research towards the creation of PASHiga validation has been carried out thro
the publication of articles irefereecinternational conferences and journals, as sho Table 5-
25.Two other publications are includedthe table, given their early contribution to thierk:
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Table 5-25- List of Publications

# Title Where When Reference / Authors | Index
Pro-Active Services Ecosystem . i
Framework y Journal: International Accepted| Tiago Cardoso; Luis M. | SCI
Ps Journal of Computer . C
. in 2011 Camarinha-Matos WoS
Integrated Manufacturing
Proactivity in collaborative Oct Cardoso and Camarinha-
Ps | Services Ecosystems Conference: PRO-VE'1L | S I(\/Iatos 2011a) T Wos
ProActive  Service  Entity
Framework: Improving Service
Selection Chances within large ) , Feb. (Cardoso and Camarinha-
Ps Senior Professional  Virtuadl Conference: DoCEIS'11 2011 Matos, 2011b) WoS
Community scenario
Pro-Active  Service  Entity
Framework for a Bettel ;
- . . , Oct. (Cardoso and Camarinha-
P2 | Mapping between Business and-onference: PRO-VE'10 | /- Matos, 2010b) WoS
Software
Pro-Active Asset Entities i ] , Feb. (Cardoso and Camarinha-
P1 | collaborative Networks Conference: DoCEIS’'10 2010 Matos, 2010a) WoS
Selection of partners for , (Camarinh-Matos anc
Pa virtual enterprise Conference PRO-VE'99 out. 99 Cardoso, 1999) Wos
Service Federation in Virtugl Conference IFIP TC5/ .
P, | Organizations WG5.2 & WG5.3 Eleventh | Nov. 01 (Z%Zrzr;arlnha-Matos etal. WoS
Int. PROLAMAT

SCI - Science Citation Index; WoS — ISI Web of &cie

5.5. Contribution of the Validation Elements to the Hypotheses
Validation

The final step of this validation is the assessnaéitihe contribution that each validation element
listed in Figure 5-1 gave to the hypotheses fortadlén this research work. In order to make this
assessment, Table 5-26 revisits each hypotheshidtiting / extracting its main composing

elements.

Table 5-26 - Hypothesis decomposition

Hypothesis Main Composing Elements

If the representation of Collaborative Network mens

g1 | using elements of Pro-Activeness with Social
services is made using elements of Pro-Activendtis w ability

Social _ability these enterprises, professionals [or

o _ g2 | chances they have to see their abilities
organizations can benefit in terms of the chantey selected

have to see their abilities selectadd a better fitnes

H1 | between them and the clients can be achievigdds | E3 | @ better fitness between them and the clients
can be achieved

representation could be built upon Aggregation

(including distinct services an entity can provigithin E4 | representation could be built upon

the same construct) and behaving towards finding ne Aggregation

Business Opportunities and promoting the repredente | behaving towards finding new Business
E5 | opportunities and promoting the represented
Services T

Servicesall in an auto-initiative basis.
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Hypothesis Main Composing Elements

If a new Quality of Service Mechanisiw created, based E1l

o o ] new Quality of Service Mechanism
on distinct QoS characteristicthat can benefit from an

active service representation, forming QoS Critatid E2 | pased on distinct QoS characteristics

H2 | might be possible to feed up a collaborative Ses/icgq forming QoS Criteria

Ecosystem with QoS dathat may benefit final clients

whenever a choice has to be made between |tyg | feed up a collaborative Services Ecosystem
with QoS data

competing service provision proposals.

If a new framework is created modelling the sersiGN
members are willing to provide through the usagel of
] ) o rely on such elements part of the

H3 active ComputatIOI"Ia| elements, It m|ght be pOSStb|E E1l responsibilities on service Composition

rely on such elements part of the responsibilitigs processes

service composition processes

Table 5-27 shows a classification of the contrimutihat each item from the Validation Elements

had to the hypothesis elements listed above.

The different patterns in this table can now bernprteted in distinct perspectives. In what
concerns the above-mentioned publications, an &wolucan be noticed from P-1 to P-5
progressively addressing more elements from theetlypotheses. Naturally, the two early

publications only have a slight contribution.

According to the specialist’s feedback, the creatiban ecosystem instead of a market of
services is the perspective where PASEF has a lwettéribution-level. Nevertheless, it also has
a motivating classification in what concerns bdtle tontribution for shortening the distance

between business and ICT worlds, as well as thikcagipn to Senior Professionals.

In what concerns the benchmarking exercises, theti@@ benchmark looks more
populated by the “strong contribution” and “averagmntribution” patterns than the approach
benchmark, meaning that a higher contribution ctoma this exercise. The reason for this result
is twofold: 1) the approach followed by PASEF iswgmative in the considered aspects /
classification parameters, especially in what camcdéhe suggestion of services to include in
BPMs being built; 2) the websites selected for sb&tion benchmarking already do provide
interesting solutions that the statistics confirdevertheless these solutions only consider
individual work instead of collaborative work, whiconstitutes their main drawback and, at the

same time, a base objective of PASEF.
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Table 5-27 - Contribution from Validation Elemeritems to Hypothesis' Elements

Hypothesis / Hyp. Elements

Validation
Element

Hi

H2

H3

Detail item

El

E2

E3

E4

E5

El

E2|E3

E4

El

Prototype

CP-1 | Pro-Active Constructs

CP-2 | Aggregation

Approach
Benchmark

CP-3 | QoS Certification

CP-4 | Suggestions

CP-5 | Self-Optimization

CF-1 | Specificity

Solution

CP-2 | Effectiveness

Benchmark|

CP-3 | QoS Reward

CP-4 | Collaboration

P-1 DoCEIS'10 Conference

pP-2 PRO-VE'10 Conference

P-3 DoCEIS'11 Conference

Refereed

P-4 | PRO-VE'11 Conference

Publications

P-5 1IJCIM Journal

P-a PRO-VE'99 Conference

PROLAMAT'01

P-b | Conference

Introduction of Pro-Activeness i
Service Constructs.

Aggregation of Distinct services

provided by the same provider

weithin a single construct.

Specialists
Feedback

Creation of an Ecosystem inste

of an open market over the

Internet.

Shorten the distance between

Business and Software worlds.

PASEF Applied to Senior

Professionals

Strong Contribution

Average Contribution

Detail Contribution
no contribution
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6.Conclusions and Future Work :

This chapter summarizes the main findings and tesbitained with this research work. It begins wath
summary of the work undertaken, followed by comeslng findings and contributions. The identificeti
and discussion of a set of open issues for futunk @wnd this chapter and the dissertation.

6.1. Research Work Synthesis

The main challenge addressed in this research isakwvay to overcome the static mechanisms
that current information and communication techgglaapproaches use for modelling the
services that CN members provide. In fact, theipassss of these elements is seen as their main
drawback, especially considering small and mediiredsorganizations or free-lancers. In these
cases, the inexistence of a “marketing machinegyoted to promote the services, so that new
clients may get to know them and make subsequdlst oasults on a frustration of the potential
usage of such resources. In fact, only big comparsech as for instance Amazon, Google or
booking.com, benefit from the vision of a worldwigetential set of new clients for their Web-
Services. In the case of a free-lancer that de¢mpsovide some consultancy services, e.g. in the
marketing area, and that creates some web-sendegsds achieving such world-wide potential
set of new clients, the results stay far from sudbe expectations. To some extent, this
frustration results from the passiveness charatierof these ICT constructs, as they do not

perform any action towards attracting more clients.

The vision behind this research work is that if \WBdyvices, or some other ICT
constructs, could have some auto-initiative andiyec active constructs, several benefits could
be attained from that. In other words, if they tiagl ability to behave towards pursuing business
interests, several activities or behaviours cowddlbfined or configured towards addressing the

limitations of current approaches.
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On the other hand, the distance between the bsswesld and ICT world in what
concerns the service concept has also constitudvimg force for this initiative. In fact, the
business perspective and interests are not adéguateelled in current approaches. One
example of this distance is the fact that curr€@it tonstructs model services in an independent
form, even though they might be provided by the &N member. If an extension of the ICT
elements that model services could become busoregasted, a clear benefit could be attained
from that. This extension could aggregate the sesvprovided by each CN member and, as a

result, create integrated bids, for example, duihe some promotional elements.

Finally, this work is based on the assumption ti& globalization has introduced a
reality where the collaboration between distinctl ageographically disperse actors became
mandatory. This is due to the need of maintainirmprapetitive role in the economic landscape,
which leads to the context of Collaborative Netvgods the main pillar of this research work. In
fact, current global economy reduces several ggbgral barriers, leading to the possibility of
creating new modelling mechanisms for the creatiforonsortia composed of partners that might
even be unknowna priori. The benefits of this collaborative environment, terms of
competitiveness or simply a better positioning lire tmarket have already been extensively

addressed in the literature.

Therefore, for this potential to become possibler meechanisms and tools have to be
developed and the Pro-Active Service Ecosystem &nark (PASEF) intends to move a step
forward in this directionCollaborative Networks where CN members’ services aetively

representedby ICT constructs towargairsuing business interests

This “vision” is addressed through the creationaofollaborative Services Ecosystem,
where CN members can benefit from an active reptatden of the services they are willing /
able to provide. This environment is a cyberspamaposed of ICT elements that represent the
services CN members provide — the Pro-Active Serkictities. As an ecosystem, it also provides
a set of functionalities that foster the collabmmatamong the composing elements, namely: 1)
tracking and supporting the collaboration oppotigsj 2) providing a QoS assessment
mechanism that benefits from the active ICT coms$sruepresenting CN members’ services and
from a client perspective towards rewarding thet li&d members in terms of QoS, and 3)
introducing a broker role that helps clients détgiltheir needs and posting calls for proposals in

a supporting blackboard-like infrastructure — th@ ®oard.

The active representation of services is inspiredn ambassador role, meaning that it
fosters the success of the represented elemehts EN members’ services. In order to perform
such representation, the pro-activeness elementraluced in the PSEs, through the definition

of behaviours. Some example behaviours are impleedessproof of conceptl) finding new
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collaboration opportunities, and 2) improving theacces that the represented services have to be
selected among competitors. It is also worth to troanthat these PSE elements are the ones
responsible to create proposals whenever a coléibar opportunity is found. Although this
might not appear innovative, as it constitutes rap& bidding process, the possibility of an
autonomous behaviour configured by the correspgn@N member constitutes the innovation
factor. Furthermore, as the service connection@anis also introduced, these PSE elements not
only have the ability to create bids, but also ssfjghe inclusion of additional services they

represent in BPMs that are being built, which ddutgls one innovation factor.

The service composition process itself has alsefited from an improvement change
because of this active service representatiorpite sf having to contact a limited set of potehtia
providers, knowna priori, the clients of a CN implementing PASEF have tlosspbility of
posting similar calls in the CO_Board and wait filne PSEs to become aware of such
opportunities and make their bids / suggestionss techanism constitutes an improvement as it
extends the set of potential providers and theystes itself helps filtering the bids, namely
excluding the ones that are out of scope or dorest some pre-defined QoS Criteria threshold.

This bidding mechanism also overcomes one of tkatifled problems concerning the
possibility of current service catalogues beconontdated. In other words, as service providers
might become unavailable, even for a limited tiragfe, the existing catalogues do not have the
mechanisms to reflect such unavailability. With BEAS as the PSEs are the ones posting the bids

and suggestions, the problem of service catalolgeesming outdated is automatically solved.

Table 6-1 summarizes the main aspects of the pssgbeyond the state of the art

contributed by this research work.

Table 6-1 - PASEF innovation factors / progressolnelythe SotA

Short Name Short Description

CN members have the possibility to configure anantd a computational system that
represents their services under a business pergpect
Representation Distinct Services provided by the same CN memberegpresented in an aggregated manner.
PSEs take the initiative and avoid outdated reposilata to be propagated.

Pro-Active Service

Pro-Activeness Specialists may create commonly used behavioufisedithrough workflows of actions.
CN members select and configure the behaviours#sitfit their needs.
Pre-defined behaviours act as guides in the PSE cafiigun

Configuration

Service Selection | The creation and configuration of the behaviourshef PSEs opens the possibility to cregte
behaviours that may be considered aggressive mst&f their positioning in the market,

Chances actively behaving towards making the representedcs selected among competitors.
Improvement The introduction of the service connections thaipguts the service suggestions increases the
selection chances of services for which the cliemgght not have identified a neealpriori.

QoS Assessment | Feed up a Services Ecosystem pool of QoS datatipgiorts the selections that clients have
to make
Client’s opinion concerning QoS also feeds up th& @ssessment mechanism.

Mechanism
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The area of Active Ageing has been selected a®biiee areas where the limitations identified in
current scenarios have particularly relevant comeeges. In fact, Senior Professionals (SP) that
have the will to remain active to perform some retirig consultancy services, for example, do
not have the proper environment created to addnessspecificities. The usage of PASEF for an
SP to benefit from an active service representdtiah might represent his or her services has
been considered as a major improvement from thessops’ perspective. As a result, the
prototype implementing PASEF concepts has tackletbéessional Virtual Community of Senior

Professionals devoted to help entrepreneurs.

This application scenario has been validated iinsafflace by the Associations that have
been contacted. Nevertheless it did not becomeljeds use the developed prototype working
in these associations in real life projects aftedsalue to lack of time. As a result, the validatio
of this research work was divided in five validatielements, as explained in Chapter 5, towards

gathering distinct perspectives for that process.

6.2. Future Work

PASEF opens a wide range of potential improvememtgnsions and future work directions. In
fact some issues related to PASEF have not beaesmid in this research work mainly because
of one of two reasons: 1 — they are not centrath intended active representation of CN
member’'s services; 2 — they represent aspectswibed already extensively addressed in the
literature but have not been integrated to PASEE, The following list highlights some of these
future work elements, including a brief description

« Negotiation — The process of bidding may go throsgteral negotiation iterations where
the brokers or clients decrease their demands dhch€nbers improve their proposals in
order to reach an agreement. This negotiation peoeeas not included in PASEF.
Nevertheless, there is already a considerabletéffdhe Multi-Agents Systems research
area tackling this issue. Thus, integrating a natoh module within PASEF, gathering
insights from the MAS world is a near future work.

* Semantic Aggregation — Other forms of aggregatienyises may be considered, other
than aggregating services based on their providibe inclusion of rich semantic
descriptions to the services CN members can prowiolgld support other aggregation
means. As a result, complementarities may be famdonger-term agreements could be
established. This additional characteristic wouth asupport some form of gap analysis

to identify missing services in the ecosystem.
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Non-Functional Services — The services that a legsirentity may provide do not always
cope with the proposals that the information anchrooinication technology counterpart
provides. In the case of Web-Services, for exanmgleinction call wraps the services of
CN members. Nevertheless, there may be cases ahsevice cannot be restricted to a
function call. This may be the case of some Busiri®cess Specification that evolves
through time and may be provided by some consultamthis case some stateless
constructs, like web-services, do not cope withrteeds from the business side. A near
future extension of PASEF is to consider servibas CN members provide as assets that
are not restricted to the functional form, but nvegtude, for instance, intelligent content.
QoS Assessment — although the QoS assessment riseehaas introduced, two factors
may improve it: 1 — the automation of the cliertisfaction manifestation process to feed
up the QoS data in a more accurate manner (a nagdattisfaction manifestation could
be considered in some scenarios); 2 — the creaifostandards in terms of QoS
Characteristics and Criterion that can improve dewisage of the QoS mechanism.

PSE Self-Optimization — Another near-future workedtion is the study of the usage of
techniques like machine learning in order to previge PSE the ability to evolve in time.
In fact, the active representation of services @cugnefit from experience in order to
improve the success rate. A simple example may 8ergor Professional that provides
some consultancy service on innovative marketiniatives. In this case, after several
cases of provision proposals for this service,dbreesponding PSE might conclude that
the ones that succeeded where the ones where livergdime was faster or some
innovative classification factor was higher. Thimlledge attained based on experience
might help the process of creating the provisiarppsals.

Cloud based on PASEF — based on the notion thaPthéActive Service Entities are
inspired in Web-Services and that Web-Services Hseen the base for the so called
cloud-era, it is reasonable to consider a cloudbaised on active service representatives
— similar to the PSEs. In such environment, allldrge-scale computational power and
storage services could also be represented bygbreeaconstructs that behave towards
attracting the clients.

Taxonomy / Interoperability — the Service Stereetylated concepts, presented in
section 3.2.1 were introduced as a crucial elersentop of which PASEF was built.
Nevertheless, because this was not the centranaspoint, an extra effort is still needed
towards improving these elements for a higher lef@hteroperability support.

Behavioural aspects — Finally, the last and mogiontant element for the near future
work is the systematization of the definitions loé tbehavioural aspects of the PSEs. The

usage of formal languages is a possibility thatlca@void the restriction to specific
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“hand-made” tasks towards a more generic mechafosnthe definition of the PSE’s

behaviours. As a result, a behaviour templateybcauld be created.
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