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A Collaborative Platform for an Ambient Assisted Living Ecosystem

Abstract

The population ageing is a global trend that affects almost all countries in the world. The global
share of people with 60 years or over is expected to reach 21.6% by 2050.

The social and economic impact of this tendency is huge, creating new challenges to healthcare
and social support services. Furthermore, population ageing is linked to an increased number
of people with physical limitations together with the isolation of persons.

The Ambient Assisted Living paradigm seeks to answer to some of this challenges through the
integration of innovative technologies, products, systems and services.

Aiming the development of an ecosystem of products and services for Ambient Assisted Living,
the AAL4ALL project was created joining more than thirty research, academic and industry
partners. During the AAL4ALL project a 3-layered model of services ecosystem was adopted
for the conceptual architecture. This work presents a collaborative platform as a contribution to

the top layer of the conceptual architecture - AAL Ecosystem.
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Resumo

O envelhecimento da populagdo ¢ uma tendéncia global que afeta quase todos os paises no
mundo. A nivel mundial, a percentagem de pessoas com mais de 60 anos deve atingir os 21,6%
até 2050.

Os impactos sociais € econémicos desta tendéncia sao enormes, criando novos desafios aos
servicos de saude e de assisténcia social. Além disso, o envelhecimento populacional significa
um aumento do nimero de pessoas com limitagdes fisicas bem como o seu isolamento.

O paradigma de Ambient Assisted Living procura responder a alguns destes desafios através
da integracdo de tecnologias, produtos, sistemas e servigos inovadores.

Com o objetivo de desenvolver um ecossistema de produtos e servigos de Ambient Assisted
Living, o projeto AAL4ALL foi criado reunindo mais de trinta parceiros das areas académica,
de investigacdo e industria. Durante o projeto AAL4ALL, um modelo de ecossistema de
servicos de 3 camadas foi adotado para a arquitetura conceptual. Este trabalho apresenta uma
plataforma colaborativa como contributo para a camada superior da arquitetura conceptual —

Ecossistema AAL.

Palavras-chave: Redes Colaborativas; TIC; Ambient Assisted Living e Envelhecimento
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1. Introduction

1.1. Preamble

Almost all countries in the world are facing population ageing. This global trend has few
decades and results from the decrease of mortality, and, most importantly, the decline of fertility
(United Nations, 2013).

Between 1990 and 2015 the global share of people with 60 years or over increased from 9.2%
to 12.3% and is expected to reach 21.6% by 2050 (United Nations, 2013) (United Nations,
2015). This means passing from 901 million people (aged 60 years or over) in 2015 to more
than 2.1 billion in 2050. The older population is itself ageing. Globally, the share of people with
80 years or over (the “oldest old”) within the older population is 13.9% in 2015 and is expected
to reach 20.7% by 2050. This will mean 434 million people worldwide with 80 years or over
by 2050.

In Europe, 24% of the population is already aged 60 years or over and that share is expected to
reach 34% by 2050 (United Nations, 2015). The population with 80 years or over represents
19.8% of the older population and that proportion is expected to reach 28.9% by 2050. If this
projection is realized, in 2050, there will be 240 million persons aged 60 years or over of which
70 million aged 80 years or over.

The social and economic consequences of population ageing are huge, raising new challenges
to traditional systems of health care and pension funds, and leading to an increase of retirement
age (Ambient Assisted Living for All, 2011). Consequently, people will need to remain active
and productive for a longer time. Population ageing will be also followed by an increase of
people with physical limitations together with the isolation of persons.

In this context there is an urgent need to find solutions to (Ambient Assisted Living Joint

Programme, 2015):

e Extend people's lifetime in their favorite environment by increasing their autonomy,
self-confidence and mobility;

e Support in maintaining the health and functional capability of the elderly;

e Promote a better and healthier lifestyle for individuals at risk;

e Enhance the security, to prevent social isolation and to support maintaining the
multifunctional network around the individual;

e Support caretakers, families and care organizations;
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e Increase the efficiency and productivity of used resources in the ageing societies.

The use of Information and Communication Technologies (ICT) such as high-speed broadband
connectivity, web-based technologies, cloud-computing, Internet of Things (IoT) and
ubiquitous computing bring new opportunities to provide care and assistance, along with new
ways of working, social interaction facilitation, and decrease limitations imposed by time and
location (Camarinha-Matos, et al., 2012). However, many past research and developments in
elderly care services failed because the approaches have been focused on the development of
isolated services, each one typically provided by a single organization, and excessively techno-
centric. Recent approaches are moving from fragmented services to gradually more integrated
care services which are usually provided by several stakeholders using well-elaborated
collaboration mechanisms. Another trend that arises from past failures is that developments
shouldn’t be focused only on ICT (e.g. sensors), but also take into account the design and
launching of adequate policy actions to support the success of such development as well as
training actions, not only for elderly, but also for all the other stakeholders.

The development of innovative concepts or the integration of innovative technologies, products,
systems, or services that contribute to support a better and safer life are the so-called Ambient
Assisted Living (AAL) (Garcia and Rodrigues, 2015).

The Ambient Assisted Living (AAL) paradigm faces some obstacles such as (Ambient Assisted
Living for All, 2011):

e AAL is a fuzzy target as it requires heavily interdisciplinary solutions and has many
national and regional aspects;

e Health and social care systems of today typically do not focus on prevention and
support;

o  “Well-being™ is not part of the benefits of health insurances;

e The first commercial offers are monolithic, incompatible, expensive (very important for
the elderly) and potentially unsustainable;

e A clear definition of basic AAL services of general interest has not taken place yet;

e Technologies for AAL are available and often already in use for different purposes, but
the existing business cases and market segments are not attractive and the investment

risks are high.
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The work addressed in this dissertation was conducted within the AAL4ALL project (QREN
13852). The name “AAL4ALL” stands for “Ambient Assisted Living For All”. The AAL4ALL
project (October 2011 — February 2015) aimed to develop an ecosystem of products and
services for Ambient Assisted Living (AAL) associated to a business model and validated
through large scale trial (Ambient Assisted Living for All, 2011). The project joined more than
thirty research, academic and industry partners and was co-financed by the European
Community Fund through “COMPETE - Programa Operacional Factores de Competitividade”

representing an 8.3 million euros total investment.

1.2. Problem and Objectives

The AAL4ALL project adopted a holistic perspective of ambient assisted living focusing on
four important life settings (Camarinha-Matos, et al., 2012):

¢ Independent living - how technology can assist in normal daily life activities e.g. tasks
at home, mobility, safety, agenda management (memory help), etc.

e Health and care in life - how technology can assist in health monitoring, disease
prevention, and compensation for disabilities.

e Occupation in life - how technology can support the continuation of professional
activities along the ageing process.

e Recreation in life - how technology can facilitate socialization and participation in

leisure activities.

The underlying assumption in this project is that the development of effective support
environments for the ageing citizens requires the participation and coordination of multiple
stakeholders, from varied sectors and different backgrounds (Camarinha-Matos, et al., 2012).
Thus, before adopt specific (technical) implementation approaches and technologies, it is
essential to consolidate concepts in order to mobilize and align all the required stakeholders.
Therefore, a conceptual architecture was designed, aiming structuring the developments for
AAL by defining a unified terminology, and describing the functionality and roles of
components, in order to facilitate the creation of synergies among stakeholders.

Following a socio-technical approach, a 3-layered model of services ecosystem (Figure 1) was
adopted for the conceptual architecture, intending to have an environment that facilitates rapid

composition of (eventually multi-stakeholder) services, forming integrated care and assistance
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services (analogous to consortia formation). This requires that services and their providers are
ready to collaborate with each other. Like a Virtual organizations Breeding Environment
(VBE), we can consider in this environment the existence of supporting entities that take care
of issues such as quality of service, billing, etc. Each layer is focused on specific features of the
planned ambient assisted living environment, and a logical hierarchical structure is established

among these layers.

AAL ECOSYSTEM LAYER

Provider - User Consortia Formation | Collaboration Support

Linking Mechanisms

Mechanisms

Mechanisms

Ecosystem
Management

Ecosystem Assets
Management

Governance Policies
Specification

Business Models
Management

CARE AND ASSISTANCE SERVICES LAYER

Services Collection

Recreation in Life

Services

Services Services

I I C
Independent Living Healthand Care Ocupation in Life
Services

Services’ Support Mechanisms

Services Catalogue Services Billi
Management Composition niing

Services Execution Qo5 Auditing & Reporting
Management Mechanisms Mechanisms

SUPPORT INFRASTRUCTURE LAYER
Global Infrastructure

Software Services
Com position

(Safe) Information
Management Services

Global Infrastructure
Management

Security
Services

Safe Communication
Services

Auxiliary
Services

Auditing
Services

Local Infrastructure

Local software
Services

(Safe) Information
Management Service

Local Software
Services Com position

Local Infrastructure
Management

Local Security
Services

Figure 1 - AAL4ALL conceptual architecture (Camarinha-Matos, et al., 2012)

The focus of this work is given to the top layer of the architecture - AAL Ecosystem. The AAL
Ecosystem layer provides organization, governance, and collaboration support for the AAL
multi-stakeholders from a socio-technical perspective (Camarinha-Matos, et al., 2012). It can

comprise, besides the senior citizens, a combination of formal care and informal care networks.
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To achieve the AAL Ecosystem purposes, adequate functionalities for modeling and

management have to be provided. Such functionalities should then give support to:

e Organize and structure dynamic organizations;
e Define and enforce governance policies;

e Define profiles, roles and business models;

e Launch collaborative processes;

e Support links between providers and clients/users.

In order to respond to some of the aforementioned needs, a collaborative platform prototype
was thought, being the main objective of this work to design and develop it by applying the
principles and models of collaboration that best fit the AAL4ALL project. Consequently, the

problem was formulated the following way:

Problem statement: What platform can boost collaboration among members of AAL4ALL

towards the creation of new Ambient Assisted Living products and services?

1.3. Methodological Approach

In order to achieve the objectives proposed the chosen approach was the Design Science
Research comprising three phases.

This project has begun with a state-of-art research in order to deepen knowledge on the subject
and study of the theories that serve as the basis to solve the problem.

The second phase encompassed the design and development of a collaborative platform
prototype for the AAL4ALL project according with the identified needs and following the best
practices. This phase included, also, the provision of the platform to AAL4ALL community to
be tested.

Finally, the third phase, consisted in the evaluation of results through a questionnaire among
AALA4ALL partners. The questionnaire consisted of closed-ended questions to assess both the
platform's utility and the features the respondents value the most. A statistical analysis treatment

was then performed using the questionnaire results.
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1.4. Dissertation Structure

This dissertation is structured as follows:

In the first chapter, an overview of the research background is presented, stating the problem,
the research objectives, the motivation for the work, and explaining the methodological
approach.

The second chapter is dedicated to the literature review of the main themes related with the
developed project.

The third chapter presents the planning and development of the AAL4ALL collaborative
platform.

In the fourth chapter, an evaluation of the developed work is presented based on the results of
questionnaires.

Finally, the fifth chapter presents the dissertation conclusions and outlines suggestions for

future work.
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2. Literature Review

2.1. Virtual Organizations Breeding Environment

In an increasingly connected world, the “network” concept is, these days, present in different
fields such as computer science, communications, physics, social sciences, biology and
ecosystems (Camarinha-Matos and Afsarmanesh, 2005). Among other types of network there
is one, in computer science field, that has special relevance: collaborative networks.

A collaborative network (CN) is a network consisting of a variety of entities (e.g. organizations
and people) that are largely autonomous, geographically distributed, and heterogeneous in
terms of their operating environment, culture, social capital and goals, but that collaborate to
better achieve common or compatible goals, and whose interactions are supported by computer
network (Camarinha-Matos and Afsarmanesh, 2008).

The last years have seen the appearance of a large variety of collaborative networks (Figure 2)
due to the challenges faced by the business, social, and scientific worlds and enabled by the fast
progress in the information and communication technologies (Camarinha-Matos and

Afsarmanesh, 2008).

Collaborative
Network

Ad-hoc
Collaboration

Goal-oriented
Network
[
o Professional Grasping Continuous
EOI.B_lemmg‘ Virtual Opportunity Production
uvironmen Community Driven Net Driven Net
”””””” M e I . ‘
EHESEaEn)En
[ Industrial ] Disaster Rescue ] Virtual Virtual ﬁ:ﬂ:;’g:;i‘:; Disperse
District Net TR A .
S Organization Enterprise Network Mamufacturing
7\
Busincss Inter-continental
Enterprise
Ecosystem iance

Figure 2 - Examples of Collaborative Networks (Camarinha-Matos and Afsarmanesh, 2008)
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In a market/society increasingly competitive, organizations, especially small and medium
enterprises (SMEs), have on collaboration with others and in forming Virtual Organizations
(VOs) a way to increase access to market opportunities, share risks, reduce costs, achieve
business goals not achievable by a single organization, etc. (Camarinha-Matos, et al., 2005a).
An approach to the creation of VOs is the establishment of long term alliances, the so-called
Virtual organizations Breeding Environments (VBEs).

In this dissertation, the following definitions for Virtual organizations Breeding Environments
(VBEs), Virtual Enterprises (VEs), Virtual Organizations (VOs) and Dynamic Virtual
Organizations (Dynamic VOs) are considered.

Virtual organizations Breeding Environment (VBE) are associations of organizations and a
number of related supporting institutions, adhering to a base long term cooperation agreement,
and adoption of common operating principles and infrastructures, with the main goal of
increasing their preparedness towards rapid configuration of temporary alliances for
collaboration in potential Virtual Organizations. Namely, when a business opportunity is
identified by one member (acting as a broker), a subset of VBE organizations can be selected
to form a Virtual Enterprise/Virtual Organization (Camarinha-Matos and Afsarmanesh, 2008).
Virtual Enterprise represent a temporary alliance of enterprises that come together to share
skills or core competencies and resources in order to better respond to business opportunities,
and whose cooperation is supported by computer networks (Camarinha-Matos and
Afsarmanesh, 2008).

Virtual Organization represent a concept similar to a virtual enterprise, comprising a set of
(legally) independent organizations that share resources and skills to achieve its mission/goal,
but that is not limited to an alliance of profit enterprises. A virtual enterprise is therefore, a
particular case of virtual organization (Camarinha-Matos and Afsarmanesh, 2008).

Virtual Organizations that are established in a short time to respond to a competitive market
opportunity, and have a short life cycle, dissolving when the short-term purpose of the VO is
accomplished are called Dynamic Virtual Organizations (Camarinha-Matos and Afsarmanesh,
2008).

Traditionally, earlier forms of VBEs are established within a geographic region with the
advantage of having common business culture and sense of community, as well as focusing on
one or a few specialty sectors of the region. Nowadays, the goal is to remove those restrictions
and find solutions to extend and boost these organizations’ associations using 2"¢ generation

VBEs. This new generation of VBEs aims to provide common grounds for organizations’

8
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interaction/collaboration, facilitate the configuration and establishment of VOs, assist with the
needed evolution of VOs, introduce new approaches and mechanisms to build trust, define a
collaboration business culture, establish the common value systems and working/sharing
principles among independent organizations, and support multi-regional VBEs, through the use
of effective information and communication infrastructures, tools and services (Afsarmanesh,

et al., 2008).

2.2. VBE Reference Framework

A framework is typically a conceptual structure used to approach and solve a complex issue
(Afsarmanesh, et al., 2008). The VBE reference framework aims therefore to enclose the
comprehensive concepts, entities, and functionalities needed both for establishing and
managing VBEs, providing guidelines to model various aspects of VBEs towards the
development of VBE Management Systems. The use of reusable guidelines and possible
generic models can assist modelers, designers and developers in understanding the existing

components and concepts in VBEs, as well as how they operate.

2.3. VBE Environment Characterization

2.3.1. Base VBE Concepts

Past research have assumed that partners for a new VO could be easily identified and selected
from the wide open universe of available enterprises/organizations, and merged into a
collaborative network (Afsarmanesh, et al., 2008). This assumption misses, however, a relevant

number of obstacles such as:

e How to know about the mere existence of potential partners in the open universe and
deal with incompatible sources of information?

e How to acquire basic profile information about organizations, when there is no common
template or standard format?

e How to quickly establish an interoperable collaboration infrastructure, given the
heterogeneity of organizations at multi-levels, and the diversity of their interaction
systems?

e How to build trust among organizations, which is the base for any collaboration?
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e How to develop and agree on the common principles of sharing and working together?
e How to quickly define the agreements on the roles and responsibilities of each partner,

to reflect sharing of tasks, the rights on the produced results?

In order to support rapid formation of collaborative networks (e.g. a business consortium) it is
necessary that potential partners are ready and prepared to collaborate. This readiness includes
common interoperable infrastructure, common operating rules, common cooperation
agreement, and also a base level of trust among the organizations. Thus, the breeding
environment concept has emerged as the needed context for the effective creation of dynamic
virtual organizations. Figure 3 shows how the creation of dynamic VOs can be improved

through the pre-existence of VBEs.
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Figure 3 - Two approaches to the formation of virtual organizations (Afsarmanesh, et al., 2008)

VBEs set up offers the following advantages:

e VO creation agility by supporting the reduction of needed efforts and complexity and
offering flexibility for VO re-configurability and cost effectiveness;

e Achieve an apparent larger size and negotiation power, contributing to better access to
markets/opportunities and purchasing conditions;

e Provision of base ICT infrastructures for VBE members as a common ground for

interoperability/inheritability/collaboration;
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The VBE bag of assets, providing assets of interest to its members like sharable
information/knowledge (e.g. standardized product definitions and processes), software
tools, and lessons learned;

Provision of mechanisms, guidelines, and assisting services to motivate and facilitate
the configuration and establishment of VOs like systems of incentives and positive
reputation, and services for partners search, contract negotiation, etc.;

Proactive management of the competencies and resources available in VBE assuring the
coverage of the necessary competency/resources within the VBE;

Provision of consultancy and support to VBE members through support institutions (e.g.
supporting insurance, branding, training, etc.);

Introduction of approaches and mechanisms to build trust among VBE members like
recording the performance history, and defining criteria for organizations’
trustworthiness;

Provision of general guidelines for collaboration like conduct rules, working and
sharing principles, value systems, collaboration ethics and culture, IPR protection, etc.;
Increase the VO involvement chances of VBE members, even from remote geographic
regions through the provision of members’ profile in the VBE catalog, including their
competencies, resources, products, services, etc.;

Improve the potential/capacity of risk taking by the VO planners due to the reduction of
the VO setup efforts/time, availability of both a wide variety of competency/resources
as well as indicators of the level of trustworthiness and past performance of the VBE

members.

However, to function properly and generate all these advantages, a VBE needs to met a set of

requirements, such as:

The establishment of a VBE must be supported by a strong ICT-based VBE
management system, comprising a set of tools to support both the VBE administration
as well as the configuration and creation of new VOs;

Active involvement of the VBE member organizations, including the provision of up-
to-date information about their capabilities, resources, capacities, costs, and
conspicuities for the provided information;

Establishment of a viable business model for the VBE, covering issues like VBE

finances and how to survive in the market/society;

11
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e Establishment of management strategies, government rules and bylaws, addressing the

working and sharing principles as well as contracting, rewarding and sanctioning.

2.3.2. VBE Members

Structurally, a VBE is a regulated open, but controlled-border association of its member
organizations (Afsarmanesh, et al., 2008). It aims at enhance the preparedness of its members
towards joining potential future VOs, by providing the basis for dynamic and agile
establishment of opportunity-driven collaborative networks. As exemplified in Figure 3, the
pre-existence of a VBE reduces the cost of creating a new VO (branch 1b) when compared to
a generalized partners’ search (branch 2) since a part of the necessary tasks are already
performed within the VBE for all VBE members prior to the establishment of any VOs (branch
l1a). By other words, VBEs considerably contribute to enhance the preparedness of its members
for participation in potential collaborative processes.

A VBE doesn’t have to be a closed boarder. At any time new members can join and adhere to
the association but they must comply with its general operating principles. However, different
levels of membership can be defined and supported in a VBE, each one complying with a
different set of rights and responsibilities. These different levels may constitute a range, with a
loose-membership on one end and a tight-membership on the other end. For instance, a loosely
associated member of the VBE may need to adhere just to a minimum level of organization
“preparedness” that is necessary for getting involved in a VO, and to make available some
minimum information to the VBE administration (e.g. about their activities related to the VO).
On the other hand, a fully active member of the VBE contributes to its promotion, growth, and
the enrichment of its bag of assets, taking an active role from brokerage and planning of VOs
in a niche market, being involved in the expansion of the VBE into new sectors, and initiating
VOs towards innovation.

When a VO formation takes place inside the VBE, preference is given first to the VBE members
(at different levels). However, if a lack of skills or capacity inside the VBE is identified,
organizations outside the VBE can be selected to join a VO. The identified external partner
have then to adhere at least to the loosest level of VBE membership (e.g. including the common
infrastructure and the VBE’s cooperation principles). In this case, the external organization will
be invited and/or coached to establish this loose membership with the VBE. This

invitation/coaching is typically made by the VBE administrator or the new VO planners.

12
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Besides the main VBE organizations, who aim at joining potential VOs, a VBE can include
other types of organizations such as research institutes, sector associations, governmental
support organizations, and even free-lancer individual workers (e.g. consultants that represent
a one-person small organization).

The inclusion of these other types of organizations in the VBE aims to offer different services
supporting the regular VBE members, and therefore they are referred to as support-institutions.
Typical services/expertise required in VBEs may include legal services, marketing expertise,
insurance, training, etc.

We can distinguish three types of organizations registered inside the VBEs:

e Business entities which provide products and services to the market and that get
involved in the VOs to gain quantitative profit (e.g. enterprises);

e Non-profit institutions that get involved in the VOs to gain qualitative profit (e.g.
academic and research institutions);

e VO Support institutions, for example: legal and contractual service providers,
companies supporting life maintenance to individuals (e.g. insurance and training
companies), ministries, sector associations, chamber of commerce, environmental

organizations, etc.

Inside VBEs, organizations establish common ties with each other and shall comply with the
general VBE rules and policies (e.g. adapting the common ICT infrastructure). After joining
the VBE, member organizations can benefit from several available elements such as: common
tools and technologies; common market and distribution channels; common resource and labor
pool; common VBE cultural ties; share the cost of new experiences (e.g. to test new IT tool);
share lessons learned.

VBE member organizations have many possibilities offered. For instance, participants ina VBE
can act as a broker and establish a new VO in order to respond to a business/market opportunity
or a new mission in the society, etc. Member organizations can be invited to join new VOs
according with their competencies and/or past performance records, or even to fulfill a skill gap
in the running VOs. Each member can access a diversity of needed general information and
knowledge available in the VBE, and also share the costs for market research, advertisement,
etc. Through the VBE, its members can have access and benefit from available necessary
support services (e.g. legal, insurance, training, etc.) provided by the VBE support institutions,

among others. Members can access the shared resources (software tools, information files, etc.)

13
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which are either provided by the VBE administration or constitute contributions by other VBE

members for common use, as well as benefit from the experiences and lessons learned shared

by other members in the common on-line space provided in the VBEs. Member organizations

also gain more visibility and have access to broader possibilities and markets.

The main goal of a VBE is to promote and facilitate the effective VO formation in order to

respond to a new opportunity (e.g. for business or otherwise). Therefore, member organizations

that act as VO brokers have special support provided within VBEs. Brokers within the 2nd

generation VBE can benefit from a variety of VBE support services such as:

Access to the catalog of available variety of competencies and their costs within the
VBE;

Access to the catalog of available variety of resources and respective free capacities in
the VBE;

Support for collaboration opportunities identification based on the competencies inside
the VBE;

Support for VO partners search and selection;

Evaluate/compare potential partners based on their trust level,

VO planning support and task assignment among potential partners;

Support for agreement/negotiation through a forum;

Support for creation of contracts (through provided templates and tools).

2.3.3. Roles

Within the VBE, a variety of roles can be assumed by VBE actors. A VBE actor can represent

a VBE member organization or and individual on behalf of a VBE member organization

(Afsarmanesh, et al., 2008). The main roles of the 2" generation VBEs are:

14

VBE Member — basic role assumed by the organizations registered in the VBE and that
are prepared to take part in the VBE activities.

VO Partner — basic role performed by a VBE member within a VO.

VBE Administrator — role played by the organization responsible for the VBE operation
and evolution, promotion of cooperation among the VBE members, filling the
skill/competency gaps within the VBE through searching and inviting/recruiting new

organizations to join the VBE, daily management of the VBE general processes (e.g.
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assignment/re-assignment of rights to different actors inside the VBE based on their
responsibilities, resolution of daily conflicts, preparation of VBE’s bag of assets,
making of common VBE policies).

Opportunity Broker or simply Broker — role assumed by a VBE actor that is responsible
for identifying and acquiring new collaboration opportunities (business or others), by
promoting VBE competencies and assets, and negotiating with (potential) customers.
The opportunity brokerage role can be performed also by an outside entity, as a service
to the VBE.

VO Planner or Business Integrator — role played by a VBE actor that, as a result of a
new collaboration opportunity (designed by the opportunity broker), identifies the
necessary competencies and capacities, selects a suitable set of partners (among VBE
members and even outsiders in case of lack of competencies and/or capacities within
the VBE), and structures the new VO. The roles of opportunity broker and VO planner
are, very often, played by the same actor.

VO Coordinator — role played by a VBE actor that is responsible for the coordination
of a VO during its life cycle, in order to meet the goals set for the collaboration

opportunity that triggered the VO.

Due to the variety of services and support tools and mechanisms provided within a VBE which

require the assignment of rights/responsibilities to their providers, other roles might be

considered. Some examples are VBE Advisor or advisory board, VBE Services Provider, VBE

Ontology Provider and the last but not least, the VBE Guest which represent an organization

outside the VBE that is interested in finding general promotion information about the VBE,

either interested to become a VBE member or interested in contacting the VBE for a business

opportunity, etc.

Nevertheless, the roles of VBE member organizations and corresponding responsibilities/rights

cannot be static due to the dynamic nature of VBE’s and its members. The main characteristics

of the VBE roles, rights, and responsibilities are:

A VBE member organization can assume different roles at different times, or even
simultaneously (e.g. a VBE member can be a broker of one VO, and at the same time
be a coordinator of another VO);

Each role played by a VBE member organization represents a set of responsibilities, a

set of required rights/authorization, and a set of assisting tools required to play the role.
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(e.g. a VBE member acting as a VO broker accepted the responsibility to configure and
negotiate a VO, which will require a set of access/visibility rights to the information on
competency/past-performance of other VBE member organizations as well as an
assisting tool to search for the best fit organizations for the required skills);

e VBE members must inform the VBE administrator about every new role they plan to
assume within the VBE (starting with becoming a VBE member organization) and to

request that proper rights for the role are associated to them.

2.3.4. VBE Life Cycle

During its life, a VBE can go through several different stages/phases, from its creation to
possible dissolution (Afsarmanesh, et al., 2008). The VBE life cycle is divided in three stages
each one comprising two different phases.

The first stage of the life cycle is the VBE’s Creation or the “Initiation and Foundation” and

encompassces:

e VBE Initiation & Recruiting — is the first phase a VBE goes through and includes the
strategic planning and initial incubation of the VBE. It requires the establishment and
setup of a common base infrastructure, the recruitment of potential organizations, the
establishment of a base ontology/thesaurus of the domain, and the definition of the
vision and strategic objectives of the VBE.

e VBE Foundation — this phase is related with the constitution and start up of the VBE
requiring support for the parametrization of the used systems, setting up the necessary
links, creation of the needed databases (with initial ontology), and populating these

information structures.
The second stage is the VBE's Daily activities or the “Operation and Evolution” and includes:

e VBE Operation — the “normal” phase of the VBE existence.
e VBE Evolution —phase that deals with small changes in membership and daily operating

principles.

Both operation and evolution phases require assistance for management of competencies, new
members registration (including profiling, characterization of competencies, products, services,
etc.), assisting in VO creation, generation/evolution of metadata/ontologies for the

domain/sector, keeping records of past performance and collaboration processes, assessment
16
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and assistance tools, collaboration support (e.g. newsgroups, discussion forum, common
information repositories, etc.), management and evolution of working and sharing principles
and rules, acquisition and management of common knowledge and assets.

Finally, the third stage is the VBE’s Change of nature or the “Metamorphosis and Dissolution”

comprising:

e VBE Metamorphosis — phase characterized by major changes in objectives, principles,
membership and/or mergers, leading to a new form and purpose of the VBE. It requires
support for the design of the new organizational structure, selection and reorganization
of the information and knowledge collected during the VBE operation, analysis and
adjustment to the new context, etc.

e VBE Dissolution — when the collaborative entity ceases to exist. Although a VBE can
come to an end, it's an unusual situation, being more likely to go through a
metamorphosis stage in order to keep its valuable gained knowledge. In this case a plan
for transferring the collected knowledge, information and bag of assets to its members

or another organization is needed according with the defined agreements.

2.4. VO Creation

The main goal of a VBE is the possibility of rapidly respond to a business/collaboration
opportunity through the formation of a VO (Camarinha-Matos, et al., 2005b).

The motivations for the creation of a VO differ from the ones of a VBE and so do creation
processes. VBE members are recruited from the “open universe” of organizations according to
the criteria defined by VBE creators/administrators while VO members are primarily selected
from the VBE members. If a lack of skills or capacity inside the VBE is identified, organizations
outside the VBE can be selected to join a VO. When choosing partners outside the VBE a
preference is given first to organizations that have or had some activities with VBE members.
Only as a last resource an organization without any linkage to the VBE and its members will
be chosen because of difficulties of preparedness, trust, etc.

In this context, a VO creation process is needed aiming the identification and characterization
of a collaborative opportunity, rough VO planning, partner search and selection, negotiation,

detailed VO planning, contracting and VO launching (Figure 4).
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Figure 4 - VO Creation Process (Camarinha-Matos, et al., 2005b)

2.4.1. Collaboration Opportunity Identification and Characterization

Comprises the identification and characterization of a new Collaboration Opportunity (CO) that
will trigger the formation of a new VO (Camarinha-Matos, et al., 2005b). The CO can be
generated internally or externally depending if is a part of the development strategy of the VBE
or if is originated by a (potential) customer and detected by a VBE member acting as a broker.

There are four main collaboration modalities identified:

e Collaborative Business Process — set of heterogeneous activities normally distributed
in cross-organizational sub-processes. These activities can be categorized as:
o Automatic Activities - implemented by ICT services;
o Interactive Activities - implemented by Collaborative Work plus ICT services;
o Cooperative Activities - implemented by Co-Work;
o Manual Activities - implemented by Humans;
o Decisional Activities - followed by "or" branches, alternatives.
e Collaborative Project — support for multi-projects towards the definition of a work
break down structure (WBS), composed by multi-projects, work packages, tasks and

activities and the support for the human resource management where Human Resources
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belongs to multi-organizations. VOs which adopt this model, need a set of supporting
tools:

o Technical/Financial Control - control primitives for progress, technical
(percentage of completion) and financial (budget);

o Co-Work Integration - integration with co-work services, collaboration
measurement and rewarding;

o Knowledge Management Integration - integration with document and multi-
media material exchange/sharing;

o Project Management Facilities - re-planning and re-scheduling facilities for
project managers.

Collaborative Problem Solving — establishment of a roadmap model defining the as-
is situation and the to-be scenario, performing the gap analysis and identifying the
working groups. In this case a VO will need:

o Mediated Collaboration Model - mediator identifies contributors, collects and
evaluates contributions;

o Collaboration Measurement & Reward - identification of value metrics,
rewarding of experts contributing decisively towards the roadmap's goal
achievement;

o Personal Time/Work Organizer - possibility to integrate Project-Problem
Solving Ad-Hoc collaboration sessions and/or off-line e-work;

o Specific Tools for Problem Solving - integration with specific Problem Solving
tools, like Diagnosis Tools, Case-based Reasoning, Expert Systems and
Continuous Improvement.

Ad-hoc Collaboration - useful when big organizations, not used to tightly collaborate
one with the other, are required to joint their efforts in order to rapidly give a quick
response to an external request. In this model only few persons are required to take
decisions and in this way addressing their organizations towards the common goal.
Supporting to this model is given by:

o Integration and Composition of Co-Work - several Co-Work services to be
combined and integrated as atomic services;

o Co-Work Logging - primitives for multi-media Co-Work logs recording (text,

speech, image, video);
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o Co-Work Analysis - advanced services for Co-Work logs analysis (speech-to-
text; MPEG analysis);

o Ubiquitous Access - as far as possible to integrate the Co-Work services with
PTO/PWO (personal time organizer/ personal work organizer) in an AAA

(Anybody-Anywhere-Anytime) scenario.

The broker and the customer are the main contributors of this initial step for which the following

main issues should be considered:

o Identification and categorization of the CO (external/explicit, internal/implicit);
e Collaboration modality;

e (O representation;

e CO feasibility analysis;

e Interaction with customer;

e Support (rapid) quotation/bidding.

2.4.2. Rough VO Planning

Comprises the determination of a rough structure of the potential VO, including the required
competencies and capacities, as well as the organizational form of the VO and identification of
corresponding roles (Camarinha-Matos, et al., 2005b). The partnership form, which is typically
regulated by contracts and cooperation agreements, should be defined at this phase. Four typical

organizational forms for collaborative consortia can be distinguished:

e Explicit Consortium - The collaboration is regulated by a joint contract with the
customer and a consortium agreement. The Client cares about who is part of the
consortium;

e Internal Consortium - There is a contract between one representative of the
consortium and the Client. The Client doesn't necessarily know about the way the
consortium is organized. The consortium is also formalized using an agreement and an
internal contract. Only one partner (the one that signs the contract) is committed to the
Client. The other partners are committed to the one that signs the contract;

e Sub-contracting - There is a contract between one partner and a client and subcontracts
between this partner and the other service / product providers. The Client doesn't

necessarily know about the way the contracted partner is organized;
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Partnership - The partnership creates an entity (new company) using a partnership
agreement. The new company establishes a contract with the Client. Only the new
company is committed to the Client. The partnership may continue after the end of the

initial client contract.

The main contributors to this step are the broker and VO planner being the Explicit Consortium

and the Internal Consortium the most typical situations for dynamic VOs. Other issues can be

considered at this stage such as:

Identification of needed competencies and capacities;
Rough VO structure/topology/levels and associated roles;
Macro governance rules;

Representation of rough VO model;

Top-down (planning) vs. bottom-up (emerging);

Simulation (to assess different configurations).

2.4.3. Partners Search and Selection

Comprises the identification of potential partners and their assessment and selection

(Camarinha-Matos, et al., 2005b). Several aspects must be considered, such as:

Elements for search and selection (technical, economical, reliability indicators,
preferences);

Matching algorithms;

(Multi-criteria) selection criteria;

Optimization;

Assessment (preparedness, etc.), consideration of collaboration history / record,

External search (if the internal offer is insufficient).

For the search and selection, two approaches can be distinguished:

Top-down — the VO planner designs the VO, determine the roles and select the partners
that best fit his plan.

Bottom-up (competition) — the VO planner or the broker announces the collaboration
opportunity to the VBE and waits till some consortia spontaneously form (by the

initiative of some members) and then analyzes their global bids.
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The selection is important even after the creation phase. For example, during the operation
phase a new partner might be needed to perform a task that no other VO partner can execute.
The main contributors to this step are the VO planner, the VBE member, and in some cases the

broker.

2.4.4. Negotiation

Iterative process that aims reaching agreements through the alignment of the needs with offers
(Camarinha-Matos, et al., 2005b). This step is complementary to others and can run parallel
with them. For instance, if a solution cannot be found with the current configuration of partners,
go back to the previous step(s), such as partners’ selection process, might be need. The

negotiation process includes some important issues such as:

e Determination of the objects of negotiation;
e Negotiation protocols;
e Decision making process and corresponding parameters;

e Representation of agreements.

At this stage, the business process refinement and assignment to partners may also be
considered if not in the detailed VO planning. The main contributors to this step are the VO

planner and the VBE member.

2.4.5. Detailed VO Planning

Detailed VO planning addresses the refinement of the VO plan and its governance principles
and begins after the partners’ selection and the establishment of collaboration agreements

(Camarinha-Matos, et al., 2005b). Detailed VO planning step involves:

¢ Business/collaboration process modeling depending on the type of collaboration;

e Final VO representation;

e Assignment of roles and responsibilities;

e Definition of sharing principles, access levels (assets/resources, IP, benefits, etc.),

preliminary operating policies.

The main contributors to this step are the VO planner and the VBE member.
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2.4.6. Contracting

Comprises the final formulation and modeling of contracts and agreements as well as the
contract signing itself (Camarinha-Matos, et al., 2005b). A contract is an agreement between
two or more parties that defines their duties, rights and obligations as well as remedy clauses
and other clauses that are important to characterize the goal of the contract. An agreement is an
arrangement between parties regarding a method of action, aiming the regulation of cooperation
actions among partners, and being always associated to a contract. Besides the definition of the

types of contracts and their representation, this step includes:

e Contracting process (manual, e-contracting);
e Contract enforcement mechanisms and institutions;

e Legal issues.

This step is performed in parallel with the Negotiation and Detailed VO Planning steps being

the VO planner, the VBE member and VO coordinator the main contributors.

2.4.7. VO Launching

It is the last phase of the VO creation process and consists in putting the VO into operation

(Camarinha-Matos, et al., 2005b). This step is responsible for tasks such as:

e Configuration of the ICT infrastructure;

e Instantiation and orchestration of the collaboration spaces;
e Assignment and set up of resources/activation of services;
e Notification of the involved members;

e Manifestation of the new VO in the VBE.

The main contributors to this step are the VO coordinator, the VBE member, and possible the

VBE administrator.

2.4.8. Collaboration Opportunity Finder Tool

During the last years, numerous tools have been developed aiming to facilitate the VO creation
process and its several steps. The Collaboration Opportunity Finder (coFinder) is a software
tool that was designed and implemented aiming to facilitate the work of a VO broker (Demsar,

et al., 2007). The tool uses the same approach a VO broker would use manually by comparing
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potential business/collaboration opportunities from public Calls for Tenders (CfT) with the
competencies available inside the VBE. This competencies are typically stored in the Profile
and Competencies Management System (PCMS) which is a part of the VBE Management
System (VMS). To automatically detect similarities and consequently detect possible
collaboration opportunities, the coFinder tool needs that the information present in both sides
has a comparable structure. The matching is then based on the comparison of textual
descriptions of tenders and VBE competencies. Like a broker would do, the coFinder browses
public CfTs available on relevant web pages and extracts tenders’ descriptions. Similarly,
competencies can be obtain from web pages or manually entered in text format within the
coFinder tool. Eventually, coFinder will interact with the PCMS in order to get the
competencies. After getting tenders’ descriptions and competencies, the coFinder is able to
compute their similarity in order to estimate the interestingness of tenders and identify the most
promising ones, and finally to propose them to the broker as potential collaboration
opportunities. The outcome is stored as a list of potential collaboration opportunities in an XML
document structured according with the directives imposed by an XML schema specified by

the VMS.

2.4.9. Collaboration Opportunity Characterization Tool

The characterization of a collaboration opportunity is the process of identifying the main
features to be developed and decompose them, from the most complex items
(assemblies/activities) to the simplest ones (components/sub-activities) which can be then
mapped into the competencies required in a VO partner for providing such item (Concha, et al.,
2008).

In order to facilitate the work of a broker or business integrator (also known as VO planner)
during the first step of VO Creation, a Collaboration Opportunity Characterization (COC) tool
was designed aiming the characterization of a collaboration opportunity in terms of
competencies required to further matching VO partners. The COC tool seeks a seamless
interoperability with other VO creation support tools such as Collaboration Opportunity
Identification (e.g. coFinder) and Partner Search and Suggestion (e.g. PSS tool) and covers
three general functions: collaboration opportunity decomposition, item competency assignment

and reporting or data exporting.
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For each item identified to fulfil the collaboration opportunity, there is a set of competencies
required to be a VO partner. These competencies have to be freely defined by the broker or the
business integrator, but aligned with the classification of competencies dictated by the
knowledge domain where the COC tool is used. The competency classification restrictions have
to be somehow pulled from the knowledge domain (e.g. NACE Classification - Nomenclature

of Economic Activities).

2.4.10. Partner Search and Suggestion Tool

In the VO creation process, one of the most critical aspects is how to choose the right partners
to respond to a specific CO (Baldo, et al., 2007). Until few years ago there was the idea that
partners could be quickly and easily identified and recruited from the “open universe” of

organizations. That vision changed due to problems such as:

¢ How to acquire organizations’ information?
e How to quickly establish a collaboration infrastructure?

e How to build trust among organizations?

Furthermore, past approaches related to partners’ suggestion focused only on costs, delivery
dates and availability of resources as suggestion criteria. Nowadays, is a common sense that the
use of these reduced set of generic information is not enough to ensure the quality of partners’
suggestion, and that a well-defined set of criteria based on a common set of attributes known
by every interested organization should be used. These common set of criteria can be based on
the information used to measure performance either within or among organizations, e.g., SCOR
Model, Balanced Scorecard, benchmarks, etc.

The Partners’ Search and Suggestion (PSS) tool aims to assist the VO Planner in selection of
the most suitable members for a VO by using the requirements received from the previous VO
creation phases (CO identification and characterization, and rough VO planning) (Camarinha-

Matos, et al., 2008). The tool comprises three functionalities:

e Suggestion criteria identification — identify the criteria that will be used to compare
potential candidates;
e Partners’ search — look for potential partners based on the required

competences/processes and resources availability;
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e Generation and analysis of suggested VOs — generate optimized arrangements of

organizations based on potential partners previously identified.

Suggestion Criteria Identification

Aiming to help in the suggestion criteria identification, Baldo et al. (2007) proposes a strategy
to filter the whole set of performance indicators (PIs) in order to identify the ones that can be
used to compare and after to suggest organizations for new VOs, assuming that the suggestion
criteria can be represented through organizations' PIs and that each VBE has a well-defined set
of PIs used to measure performance among its members.

The methodology proposed for assist the VO Planner to identify the most appropriated PIs for

a given CO is divided in two phases:

e Preparation phase — only runs once and comprises the setup of the environment as
well as the acquisition of the information related to the PIs (name, description, type,
etc.) used to measure the organizations' processes and activities in a given VBE, and the
application of a semantic annotation technique, combined with an ontology that
describes Pls, to create annotations in the acquired PIs. These annotations are then
indexed to improve the retrieval of information.

e Execution phase — runs whenever a new VO needs to be created to fulfill a certain CO
and comprises the acquisition of the preferences and constraints' list that the CO needs
to fulfill, the identification of the CO performance requirements based on the match
between the preferences and constraints list and the CO ontology, the search for the
proper Pls based on the keywords selected previously, and the analysis and evaluation
(driven by the VO Planner) of the results in order to ensure whether the Pls are good

enough to start the partners’ search.

The methodology presented allows the VO Planner to perform the partners search and
suggestion process using more accurate information to compare candidates and suggest the ones
that best fit the performance expectation. In order to improve the results, this methodology can

be combined with other developed works.
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Partners’ Search

The partners’ search starts by selecting as potential partners all VBE members that have some
competencies required for the new VO that is being created (Camarinha-Matos, et al., 2008).
The selected potential partners are then classified in groups of similar competencies. According
with the suggestion criteria defined in the previous functionality, the most suitable VBE

members are chosen to be part of the new VO.

Generation and Analysis of Suggested VOs

This functionality finds and assesses feasible VO configurations through user-defined criteria
(Camarinha-Matos, et al., 2008). The feasibility of a configuration can be defined through its
ability to perform the requirements of the CO being these requirements described by tasks and
linked to the specific competences required. Additionally, work-loads (e.g. person month) can
be attached to the tasks, and the VO partner selection made as a work-allocation problem. In
the end, the generated VO configurations are presented to the VO Planner for a further decision
making and final VO composition. By comparing the expected performance of whole VO
configurations instead of only individual partner candidates, the VO Planner have a better view
on the overall performance of the VO enabling the incorporation of inter-organizational

dependencies in partner selection such as collaboration history or geographical distance.
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3. Proposed Solution

3.1. Introduction

This chapter comprises the design and development of a collaborative platform for the
AAL4ALL project based on the findings of the previous chapter. As Napoleon Bonaparte
allegedly said: "A good sketch is better than a long speech"!. Following this approach, the

design of the platform was based on Rational Unified Process and using UML for modelling.

3.2. Business Modelling

During the AAL4ALL project, Camarinha-Matos et al. (2012) proposed a 3-layered model for
the AAL4ALL conceptual architecture. This chapter starts by focusing on the top layer of the
architecture (AAL4ALL Ecosystem) and modelling the business processes (Figure 5) related
with organization, governance, and collaboration support, identified for the AAL multi-

stakeholders from a socio-technical perspective (Camarinha-Matos, et al., 2012).

! Quoted in L'Arche de Noé (1968) by Marie-Madeleine Fourcade, p. 48
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3.3. Requirements

The collaborative platform prototype focused on some of the previous mentioned business
processes namely, Membership and Structure Management, Profile and Competencies
Management, Assets Management, Collaboration Support Mechanisms and Consortia
Formation Mechanisms. The functionalities associated to the selected business processes are

presented and detailed in the following system use case diagrams and tables.

3.3.1. Membership and Structure Subsystem

# Bubsystemn »
Membership and Structure

Manage Members'
Information

VBE Member
% % % Membership and
Structure
VO Coordinator VO Planner Reward Members

VBE Registration
Information

Cooperation History
VBE Administrator VO Partner Opportunity Broker

Collaboration History

Figure 6 - Membership and Structure Subsystem Use Case Diagram

Use Case Description

CRUD operations that provide functionalities to submit,
Manage Members' Information  store, access, delete, and modify the member’s
organization information.
_ ‘ ) Information about the organization presence in the VBE.
VBE Registration Information ) ) ) )
It includes registration date and member’s rights and roles.

Record of organization’s past events inside the VBE

Cooperation History )
consortium.
Collaboration History Record of organization’s past events inside VOs.
Evaluate and reward appropriate and proactive behavior
Reward Members within the VBE. The evaluation is based in Cooperation

and Collaboration History records.

Table I - Description of Membership and Structure Subsystem Use Case Diagram
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3.3.2. Profile and Competencies Subsystem
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Profile and Competencies
Basic Information
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Use Case Description

Data that identifies and characterizes an organization namely, name,
Basic Information  location, creation date, domain of activities, number of employees and
general description.
Mission o o o )
_ Organization’s vision, mission, strategy, and targeted group (i.e. sector)
Information
Legal Information Organization’s legal name, legal status, and legal address
_ Record of past events at the organization. It includes history
History o . .
. designation, history description, date, products produced and practices
Information ‘
applied.
Information about a second organization which has some business
Associated Partner = relations with the member organization. It includes partner name, type
Information of relationship, and duration of collaboration. This information can be

useful to support a future invitation to join as new VBE member.
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Use Case Description

Confidential information about the member organization which can we

only be seen by VBE Administrator and selected partners (e.g.
Financial opportunity broker) and that aims to check the financial stability of the
Information member organization in order to participate in VOs. It includes total

sales, total revenue, balance sheet, operational costs and reporting

period.
Contact

Organization’s contacts such as address, phone, fax, email, and website.
Information

Goods and services that results from the member’s organization
Product activity. It includes name, description, class (i.e. product or service),

production strategy and contribution to sales.

Organization’s resources. It comprises resource class (human, physical,
Resource

ICT and organizational), name, description and quantity.

What an organization can do. Is characterized by competency name,
Competency class, description, and also by four fundamental components:

Capability, Capacity, Cost and Conspicuity.

Information that defines what an organization is able to do (e.g.

» processes and activities). Comprises capability name, description, class,

Capability and related resources (processes/activities input) and products

(processes/activities output).

Represent currently free resources needed to perform one specific
Capacity capability. Comprises a description of how capacity rates and

capabilities are related, a measure unit, and a capacity rate.

Evidence documents that provides proof of the validity of the

competency information provided by the organization. Comprises a

conspicuity document name, a description about how the document
Conspicuity

validates the competency information, conspicuity class (e.g.

recommendation letter, license, certificate, patent, award), document

title, document ID (e.g. patent number), issuer and validity period.
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Use Case Description

Represent the cost of delivering a product/service in relation to a

c capability and capacity. Comprises a description on how cost and
ost

capabilities are linked, item for which the cost is provided, and cost

value (i.e. monetary price)

Table 2 - Description of Profile and Competencies Subsystem Use Case Diagram

3.3.3. Assets Management Subsystem

« Bubsystem »

% Assets Management
VBE Member
Assets Modelling
Assets
Management

Ownership and
Access Rights

Sharing
Mechanisms

VBE Administrator VO Partner Opportunity Broker

VO Coordinator VO Planner

Figure 8 - Assets Management Subsystem Use Case Diagram

Use Case Description

Assets’ type (e.g. document, book, flyer, audio, video,
software, link to other sources, etc.).

Assets Modelling Assets’ class (e.g. lessons learned, general policies,
information of interest, sample contracts, general legal
documents, information about historic performance, etc.).
Functionality to manage who owns the asset and who has

Ownership and Access Rights
permissions to access and change it.

Functionality to manage asset sharing among users and

Sharing Mechanisms
platform subspaces (e.g. VOs, groups, events).

Table 3 - Description of Assets Management Subsystem Use Case Diagram
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3.3.4. Virtual Collaboration Spaces Subsystem

& Bubsystern »
Virtual Collahoration Spaces

VBE Member

IR

VBE Administrator VO Partner Opportunity Broker

2

VO Coordinator VO Planner

Messaging Service

Virtual Collaboration
Spaces
Social Media Services

Figure 9 - Virtual Collaboration Spaces Subsystem Use Case Diagram

Use Case Description

. . Instant messaging service that allows real-time text
Messaging Service o
transmission over the Internet and attachments send.

Social media functionalities that aim to increase

collaboration inside VBE’s and VO’s.

Social Media Services

Institutional page of an organization inside the VBE. In
Wall this space organizations can share information with other

members (e.g. what they are doing).

This functionality allows organizations to promote
Event initiatives in order to join several member organizations

around a common interest.

The groups’ functionality aims to create a small

collaboration space where organizations with a common
Group

and compatible goal can share information and work

together to achieve that goal.

Table 4 - Description of Virtual Collaboration Spaces Subsystem Use Case Diagram
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3.3.5. Consortia Formation Mechanisms Subsystem

4 Subsystetn »
Consortia Formation Mechanisms

VBE Member

T

Collaboration
Opportunity
Characterization

Consortia Formation
Mechanisms

VBE Administrator VO Partner Opportunity Broker External Actor
Manage Virtual
ﬁ Organizations
VO Coordinator VO Planner Support Entity

Figure 10 - Consortia Formation Mechanisms Subsystem Use Case Diagram

Use Case Description

Functionality that supports Opportunity Brokers in
defining and characterizing an identified Collaboration
) ) Opportunity. Comprises the decomposition of the CO into
Collaboration Opportunity ) o )
o items that can be individually mapped to the competencies
Characterization ) ) o )
required to accomplish CO objectives. As a result, this
functionality will also help to find the most suitable
members for joining a VO.
CRUD operations that provide functionalities to create,

Manage Virtual Organizations ' ) ) o
access, modify and dissolve Virtual Organizations.

Table 5 - Description of Consortia Formation Mechanisms Subsystem Use Case Diagram
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A generic conceptual class diagram was developed aiming to define the system structure at the

level of classes, its features and relationships. Due to the limited space to display the class

diagram as a whole, this has been divided into five components according with the related

features.

Figure 11 presents the class diagram main component covering the platform main actors

(organization and its employees), and some features as evaluation, rewarding, social

services and assets management.
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Figure 11 - Class Diagram Main component

Figure 12 exhibits the profile component of the class diagram which comprises the specific set

of identifying characteristics about each organization.
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Figure 12 - Class Diagram Profile component

Figure 13 shows the class diagram competency component which represents up-to-date

information about what an organization can do.
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Figure 13 - Class Diagram Competency component
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Independently of the domain field of a VBE there are profile and competency elements that are

common to all VBEs and others that are business domain related. Figure 14 displays the

classification component of the class diagram which represents a domain extension that

provides support for different VBE domains.
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Figure 14 - Class Diagram Classification component
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Finally, Figure 15 presents the collaboration component which covers some virtual
collaboration spaces subsystem features, namely collaboration opportunity characterization and

the management of virtual organizations.
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Figure 15 - Class Diagram Collaboration component

3.4. Analysis and Design

3.4.1. Interaction Diagrams

As an example of CRUD operations, two processes were modelled using interaction diagrams,
namely, the registration of an organization (Figure 16) and the submission of a new
collaboration opportunity in the platform (Figure 17).

A registered user, normally acting as an employee of a VBE member applicant, will be able to
register its organization on the platform in a three step registration process. This registration
process comprises the provision of basic and contact information about the organization along
with its competencies, and also information about the employee that will represent the
organization on the platform. Figure 16 represents the user interaction with the system during

the organization registration.
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Figure 16 - Interaction Diagram of Organization Registry

After a VBE member has identified a new business opportunity for which it lacks the required

competencies or resources, it can find the most suitable partners to participate in that business

opportunity through the creation and characterization of a new collaboration opportunity.

Figure 17 represents the interaction between the employee that represents the VBE member and

the system during the creation of a new collaboration opportunity on the platform. After the

creation of a new collaboration opportunity it’s possible to decompose it in small collaboration

opportunity items.
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Figure 17 - Interaction Diagram of a new Collaboration Opportunity Submission
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3.5. Implementation

3.5.1. Component Diagram

The following component diagram (Figure 18) represents the platform implementation
architecture based on the MVC model. The packages inside the main MVC building blocks,

describe a set of related components.

View (UT)
1
ProfileViews CompetencyViews
Database
= 1
CollaborationOpportunitiesViews AccountViews A
)
|
Controller Model
ProfileController CompetencyController 7
Profile Competencies
................ p
1 1
g CollaborationOpportunitiesController g AccountController Tools Users

Figure 18 - Component Diagram

3.5.2. Development Platform

Table 6 presents the tools and technologies used to implement the prototype.

Design UML tool StarUML 5
Integrated development environment Visual Studio .NET 2013
Web application framework ASP.NET MVC 5
Programming language C# and Javascript
Development | Markup language HTML
Style sheet language CSS
JavaScript library JQuery 2.1 and Angular.JS 1.3
Front-end framework Bootstrap 3
Object-relational mapping Entity Framework 6
Data Storage
Database Microsoft SQL Server 2012

Table 6 - Development Tools and Technologies
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The reasons behind the tools and technologies chosen varied.

For the platform design and, despite of have been discontinued, StarUML was chosen due to
still be a very powerful, free and easy-to-use UML modeling tool.

For the platform development and data storage, the choice over the main tools (IDE and
Database) were for Visual Studio and SQL Server due to their quality, widely usage and also
because Microsoft was one of the partners of the AAL4ALL project, thus guaranteeing
continuous support.

The choice over the MVC pattern was due to its ability to separate the different aspects of the
application (input logic, business logic, and UI logic) making it easier to manage complexity,
while providing a loose coupling between these elements. Additionally, MVC offers better
support for test-driven development (TDD).

Entity Framework was used to enable a code-first approach making it possible to create the
database on the fly based on model classes previously created.

To help in the frontend development the choice fell in Bootstrap due to its ease of use, simple
integration, the responsiveness it offers, enabling the development of websites that adjusts
dynamically taking into account the characteristics of the device used (desktop, tablet, mobile
phone), its customization capability and the increase in the speed of the development it brings.
Two JavaScript libraries were also used to help in the website development, jQuery and
Angular]JS. While the first one was used to ease the use of JavaScript, the second was chosen
to dynamically rewrite pages rather than loading entire new pages from a server making the

platform more user friendly.
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3.5.3. Demonstration of Prototype

For the prototype demonstration the same two features previously modeled through interaction
diagrams were choose (organization registration and submission of a new collaboration
opportunity) along with the presentation of some core screens. The demonstration is presented
through the use of several print screens and their descriptions. However, a more detailed
demonstration is available in video (Portuguese audio) on the Internet. It can be accessed

through the URL: http://youtu.be/OkMzx TR Xhn4

Home Page

The collaborative platform is one of three platforms developed at ISCTE - University Institute
of Lisbon under the AAL4ALL project. The goal was to present a unified platform covering a
space where AAL4ALL members could collaborate in new business opportunities, a space
where AAL4ALL members could sell their products and services, and an e-learning and
recreational space for seniors. Figure 19 presents the main page which holds the three
mentioned platforms.

AALALL  Home ) Login

Individuals Organizations

Welcome to AAL Platform

Ambient Assisted Living for All

Individuals

Organizations

E-Learning

Yyl

Here you can: Coming Soon

Here you can:

«+ Buy products and services
« Manage your orders
« Discover caretakers and interact with them

« Manage your organization's profile and

competencies

« View organizations' profile and competencies

= Create a caretaker account now and start helping

« Search and promote collaboration opportunities
others

« Find partners to quickly respond to emerging
business opportunities

Click below to start:

Individuals Area

Click below to start

Organizations Area

Figure 19 - Platform Main Page
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Members List

The members’ list page presents all the organizations registered on the platform allowing an
authenticated user to know more about each organization (e.g. profile and competencies) by

accessing the organizations’ pages on the platform (Figure 20).

Search Q Members List ‘Collaboration Opporiunities Messages 1 John Doe ~
|
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CASO . organizacion graeq P ¢ " Braga (Portugal) Q.

Gestao de projectos * Acgdes de formacao profissional

. R N - Vila Nova de

CeNTI Nanotecnologia * Materiais inteligentes * Materais funcionais * Eletrénica impressa * OLED * Eletrénica organica = Fibras tri- Famalicio Q

componente * Fibras nano * Nano revestimentos * Fabricagdo digital

(Portugal)
Ce}wlro de Computagdo Investigacdo e desenvolvimento aplicado * Computac&o grafica * Tecnologias da informacdo e comunicag8o * Eletrénica Gumardes Q
Gréafica i : N i (Portugal)
- . S . - . s L VilaNova de

Téxtil e vestuario * Ensaios laboratoriais * Certificac 30 de produtos * Consultoria técnica e tecnolégica * 1&D+inovacdo * Formacdo o
CITEVE ) Famalicio Q

* Moda e design

(Portugal)

Comfort Keepers Portugal  Apoio domiciliario Lisboa (Portugal) Q.
Escola Superior de
Educacéo de Paula Ensino * Investigacéo e Desenvolvimento Lisboa (Portugal) Q
Frassinetti
Exatronic Eletronica e automagéo * Automovel = Médica Aveiro (Portugal) Q.
Faculdade de Ciéncias e . .

Ensino * Investigacdo e Desenvolvimento Lisboa (Portugal) Q.

Tecnologia - UNL

Figure 20 - Members List

Organization Page

The organization page is the space of an organization on the platform containing its
membership, profile and competencies information as well as its assets (Figure 21). Some
information available in the organization page is public while another is not. Therefore, the

information displayed in this page depends on the user permissions.
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—

Members List Collaboration Opporiunities Messages 1 John Doe

28 |SCTE - University Institute of Lisbon

ISCTE - University Institute of Lisbor

A Personal Profile
. £ Account Settings
ISCTE £3 IUL ¢

Instituto Universitirio de Lisboa
C* Log out
Profile Competencies Membership Assets

Organization ISCTE - University Institute of Lisbon
Name

Mission Information

Legal Information

History Information
Associated Partner Information
Financial Information

Contact Information

Creation Date 15/12i1972

Domain of Teaching * Research * Community Service Activities

Activities

Number of 670
Employees

General ISCTE - University Institute of Lisbon (ISCTE-IUL) is a public university established in 1972, Pursuing
Description  teaching, research and community Service activities, it plays a major role in educating qualified specialists and
personnel. whose cultural, scientific and technical skills enable them to contribute to sustainable development
both at the national and the global level. The strategic objectives of ISCTE - University Institute of Lisbon are
innovation, quality, internationalization and development of an entrepreneurial culture

While preserving its public university nature, ISCTE - University Institute of Lisbon is currently one of the three
Portuguese universities (along with the University of Porto and the University of Aveiro) which opted the
Foundation Regime, the latter prescribing management according to private law.

Figure 21 - Organization Page

Collaboration Opportunities

& Edit

This page lists all collaboration opportunities added by registered organizations allowing an

authenticated user to see each one in detail and, edit or remove it, if it is the creator of that

collaboration opportunity (Figure 22).

—
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Q Members List  Collaboration Opportunities  Messages 1 John Doe ~
Collaboration Opportunities
Name ~ Brokers Sector Due Date
ALL security services 4 home Universidade da Beira Interior Ambient Assisted Living 25/07/2015 Q
CheckStep INOV Ambient Assisted Living 27/08/2015 Q
CogniPlay Fraunhofer Portugal Ambient Assisted Living 31/07/2015 Q
Dance Don't Fall Fraunhofer Portugal Ambient Assisted Living 06/10/2015 Q
e-Learning Platform for Seniors ISCTE - University Institute of Lisbon Ambient Assisted Living 30/09/2015 Qs x
eHealthCom Fraunhofer Portugal Ambient Assisted Living 06/07/2015 Q
ExaAllinOne Exatronic Ambient Assisted Living 06/07/2015 Q
Fall Monitoring and Detection Universidade da Beira Interior Ambient Assisted Living 06/07/2015 Q
iGenda Universidade do Minho Ambient Assisted Living 06/07/2015 Q
Living Home Center Microsoft Portugal Ambient Assisted Living 06/07/2015 Q
Mover & Fall Prediction Fraunhofer Portugal Ambient Assisted Living 08/07/2015 Q
MySelfProtection CeNTI Ambient Assisted Living 06/07/2015 Q
Observation Engine INESC Porto Ambient Assisted Living 06/07/2015 Q

Figure 22 - Collaboration Opportunities
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Organization Registration

As previously mentioned in the interaction diagrams section, the organization registration is a
three-step process done by a registered user (normally an employee) on behalf of a VBE
member applicant. The first step (Figure 23), comprises the filling of basic and contact

information about the organization.

Members List Collaboration Opportunities Messages 1 John Doe ~

Member Registration Service (Step 1 of 3)

Organization Information

Basic Information

Organization
Name

Creation Date

Domain of
Activities

Number of
Employees

General
Description

Logo

Contact Information

ISCTE - University Institute of Lisbon

15121972

Teaching * Research * Community Service Activities

670

ISCTE - University Institute of Lisbon (ISCTE-IUL) is a public university established in

1972. Pursuing teaching, research and community service activities, it plays a major role

Choose File | iscte-iul png

Phone +351 217 903 000
Number
Fax +351 217 964 710
Email geral@iscie-iul.pt
Website http:/feranw iscte-iul ptf
Address
Street Av das Forcas Armadas
Post Code 1649-026
City Lisboa
Region Lisboa
Country Portugal

Figure 23 - Organization Registration: Organization Information

After completing the form, the registered user clicks on “Next” button to go to the next step of
the registration process which consists in filling a form with the information about the employee

that will represent the organization on the platform (Figure 24).
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Member Registration Service (Step 2 of 3)

Employee Information

Members List Collaboration Cpportunities Messages 1

General Information

Name John Doe
Department ISCTE-IUL School of Technelogy and Architecture
Position Associate Professor and Integrated Researcher
Description PhD in Information Science and Technology by ISCTE-IUL

MSc in Computer Science and Business Management by ISCTE-IUL
Profile Picture Choose File | john doe png

Contact Information

Email John doe@iscie-iul_pt
Mobile 961234567
Number

Figure 24 - Organization Registration: Employee Information

After completing the second step, the registered user clicks on “Next” button to go to the last
step of the registration process, the organization’s competencies form (Figure 25). After adding
the competencies own by the organization, the registered user clicks on “Submit” button to

finish successfully the registration process.

—

Members List Collaboration Opportunities Messages 1 John Doe ~

Member Registration Service (Step 3 of 3)

Organization's Competencies

Competency

Name Competency Description

Information Design, implementation and evaluation of ir ion systems in an or I onal
Systems context, addressing features like executive IS, decision support systems, relations

between organizational IS and social collaborative networks, or niche 1S's like healthcare

[ |
: o

= Add Competency
[ —————

€ Back submit ¥
St

Figure 25 - Organization Registration: Organization's Competencies
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Submission of a new collaboration opportunity

As stated in the interaction diagrams section, a VBE member, that identifies and wants to
develop an emerging business opportunity but lacks some necessary competencies or resources,
can find the right partners to participate and evolve that opportunity by creating and
characterizing a new collaboration opportunity on the platform. Figure 26 presents the form to

be filled by a VBE member in order to add a new collaboration opportunity.

Members List Collaboration Opportunities

New Collaboration Opportunity

Name e-Leamning Platform for Seniors
Sector Ambient Assisted Living
Description Itis a known fact that ICT can speed up and enhance the way things are handled within

institutions. Leamning instituticns are no exception. The students of these type of

Objectives Create a user friendly learning and recreational online platform, adjusted for senior age
groups and people with low level of ICT experience. The platform should be easy to use,

Requirements. - Keep leaming material interactive
- Enable communication amongst students;

Target Price 0
Volume )

Duration 13 months v

Due Date 30-09-2015

Modality Collaberative Project
Related Info http:/istar iscte-iul pt/e-LeamingForSeniors!
Brokers ISCTE - University Institute of Lisbon
#' Edit Brokers
Related e-LearningForSeniors.pdf x
Documents

=+ Add Document

Figure 26 - New Collaboration Opportunity Form

After completing the form, the registered user clicks on “Save” button to submit the new
collaboration opportunity. Afterwards, the user can go to the newly created collaboration
opportunity page and enrich it by decomposing it in small collaboration opportunity items.

Figure 27 shows the collaboration opportunity item form to be filled.
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Members List Collaboration Opportunities Messages 1 John Doe -~

New Collaboration Opportunity Item

Name e-Leaming Platform Core
Type Product v
Description Core functionalitiss of an e-Learning platform adapted to the needs of seniors and people
with disabilities.
e
Characteristics - Increase/Decrease Text Size: :
- Increase/Decrease Contrast
- R i
Classification Cther on-line content
Target Price i}
Volume 0
-
Funcionality - Account Details and Seftings; =
- Course Study Programme:
PP, s
To be Bought
Constraints Sharable Content Object Reference Model (SCORM) Q £ X
‘Web Content Accessibility Guidelines 2 (WCAG) Q £ x

+ Add Gonstraint
e

Competencies Information Systems x
| =+ Add Existing Competency Il = Add New Compstency |
ltem's Mo dependency added
Dependencies
# Edit Dependency
—_—
Related e-LearningCore pdf x
Documents

=+ Add Document
b

‘ ganeel
\—

Figure 27 - Collaboration Opportunity: Add New Collaboration Opportunity Item
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4. Results Evaluation

The collaborative platform prototype presented in this dissertation was evaluated by the leaders
of eight partners of the AAL4ALL consortium. The evaluation was carried out through a
demonstration of the proof-of-concept prototype developed, followed by a questionnaire
comprising seven closed-ended questions. The questions aimed to assess, through the opinion
of the respondents, the utility of a platform like the one developed, in the daily life of
organizations’ collaboration activities.

As can be seen in Figure 28, the most of the respondents agree that a platform as the one

introduced in this dissertation would benefit collaboration among organizations.

How useful do you think a platform like this would be in
supporting collaboration between organizations?

100%
80% 75,0%
60%

40%

20% 12,5% 12,5%

wo W
0%

Useless Slightly useful Useful Very useful

Figure 28 - How useful is a collaborative platform

The respondents were also asked about how they evaluate the importance of each one of the

following features on a collaborative platform:

e FI - Profile and Competencies Management

e F2 - Collaboration Opportunity Characterization
e F3 - Rough Planning

e F4 - Partner Search and Suggestion

e F5 - Agreement Negotiation

51



A Collaborative Platform for an Ambient Assisted Living Ecosystem
e F6 - Assessment

Figure 29 presents the answers’ distribution.

How do you evaluate the importance of each one of the following features
on a collaborative platform?

rrocs SR
o SR

Slightly useful
ey [

B Very useful

F5 (0=7)  12,5%

F6 (n=8)  12,5%

0% 20% 40% 60% 80% 100%

Figure 29 - Importance of each feature on a collaborative platform

By analyzing the answers and although all features were considered useful by the majority of
the people polled, the Partner Search and Suggestion was the most important feature for the
respondents followed by the Profile and Competencies Management and the Collaboration
Opportunity Characterization. At the other end, the Agreement Negotiation was considered the

least important feature in a collaborative platform.
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5. Conclusions

During the AAL4ALL project, some functional requirements were identified for the AAL
Ecosystem layer of the conceptual architecture. Aiming to respond to some of those
requirements, the work conducted within this dissertation proposed to answer the research
problem (“What platform can boost collaboration among members of AAL4ALL towards the
creation of new Ambient Assisted Living products and services?”’) by doing a state-of-the-art
research over collaboration’s forms, models and tools, selecting the ones that best fitted the
reality of the AAL4ALL consortium, and designing and developing a platform prototype taking
into account those findings.

In the literature review (chapter 2), it became evident the importance that collaborative
networks have, nowadays, in joining fully independent and geographically dispersed entities
with different cultures, goals, social capital and ways of operating towards the achievement of
common or compatible goals. It also became clear that, the form of collaboration that best fits
the AAL4ALL project is the Virtual organization Breeding Environment (VBE) due to the
heterogeneous nature of the AAL Ecosystem, the need for supporting as well as the VBE’s
ability to quickly establish alliances in order to respond to emerging business opportunities
forming the so-called Dynamic Virtual Organizations (Dynamic VOs). Furthermore, the
importance of tools/features to support the VO creation process was also highlighted.

The platform prototype was developed (chapter 3), starting with the modelling of the business
processes identified by Camarinha-Matos et al. (2012) for the AAL Ecosystem layer using the
Rational Unified Process and UML. For the requirements definition, the focus was given to
some business processes for which the associated functionalities were modeled, followed by
the development of a generic conceptual class diagram aiming to define the system structure at
the level of classes, its features and relationships. Later on, for the analysis and design part, two
processes were modelled using interaction diagrams as example. In the implementation, a
component diagram was created representing the platform implementation architecture based
on the MVC model, and the tools and technologies used to implement the prototype were
presented.

Finally, the analysis of the questionnaire results (chapter 4), highlighted that a collaborative
platform like the one presented in this work is considered useful and its adoption would be well

accepted among the partners of the AAL4ALL consortium.
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5.1. Future work

Following the findings of this work, the first outlined suggestion is the implementation of some
of the gathered requirements like the assets management subsystem and the virtual
collaboration spaces subsystem. Another suggestion is the development of new requirements
to enrich the platform features that support the VO creation process like the partner search and
suggestion, and rough planning. Additionally, the development of new requirements regarding
other business processes not covered in this work can be carried out like the Governance
Policies Specification or the Providers-Users Linking Mechanisms.

The results of the questionnaire showed an interest of the partners in the platform. Thus, the
last outlined suggestion is the delivery of the platform to be used by the AAL4ALL consortium

after a stable release is ready.
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