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Ageing entails several limitations, calling for assistance services adapted to particular elderly's needs and life style. Provision of such may involve many stakeholders, including relatives, caregivers, professional care people, suppliers and other support entities. The use of collaborative networks has been proposed as a mean of integrating contributions from distinct service providers and promoting collaboration to seek the best options among multiple services. Despite of advances in collaborative networks for elderly care, current research and development in care services are chiefly focused on the development of isolated services, considering only a single service provider, emphasizing excessively techno-centric solutions. The need for dealing with personalization of care services in a collaborative environment is rising in importance and, thus, requires a flexible way to guide the process of ranking and selecting services. In this paper, a method based on fuzzy logic to identify services and corresponding providers thought service adherence criteria is presented. To show the feasibility of the method, an illustrative scenario of elderly life style in which services are ranked based on multiple views, from single to composite services, to show how distinct integrations may result in different recommendations.

Introduction

In recent years, one of the most important changes in the history of humanity has been taking place: the increasing demographic shift related to elderly population. Current trends suggest that the global elderly population above 80 years old will increase by 217% in 2050 when compared to 2015. Also, the elderly population is supposed to surpass young people in many regions of the world, according to the Help Age International Organization [START_REF] Helpageinternational | Global AgeWatch Index 2014[END_REF], which accentuates the importance of research on aging-related matters in our society [START_REF] Gartner | Applying Lessons From 20 Years of Hype Cycles to Your Own Innovation and Forecasting Strategies[END_REF][START_REF] Fengler | The End of the Population Pyramid[END_REF][START_REF] Kearney | Understanding the Needs and Consequences of the Ageing Consumer[END_REF].

As people age, additional needs are required to maintain individuals healthy, and within good quality of life. In this process, classifying an individual as elderly goes beyond the use of age as a determinant factor. Indeed, individual aging aspects, such as the living context, personal capabilities and competences also contribute to better characterize an elderly individual. Each elderly individual may require very specific services (e.g., care and assistance) in accordance to this/her life context. As a consequence, a particular service may be perfectly adequate for an individual and completely useless for another one. Therefore, a relevant issue refers to the need of integrated and personalized services.

The notion of personalized service means that the service is tailored to each individual [START_REF] Lee | Deploying personalized mobile services in an agent-based environment[END_REF][START_REF] Kwortnik | Buyer monitoring: A means to insure personalized service[END_REF][START_REF] Evenson | Designing for service: Creating an experience advantage[END_REF][START_REF] Leadingage | A Look into the Future: Evaluating Business Models for Technology-Enabled Long-Term Services and Supports[END_REF][START_REF] Hong | Context-aware system for proactive personalized service based on context history[END_REF]. For several authors [5; 6; 10], personalizing a service involves an agreement between customers and providers (and all other involved stakeholders) through which they share information to be organized in an intelligent and adaptive way. This collaborative agreement allows reaching best experiences by those involved in providing personalized services, relevant and attractive to each customer, respecting the characteristics and the context of life of each one.

In this sense, care services should then be integrated, since they usually have influence on each other. The notion of collaborative business ecosystem for elderly care can assist on the integration of different services from distinct providers [START_REF] Baldissera | Towards a Collaborative Business Ecosystem for Elderly Care[END_REF]. In addition, finding the best combination of services and service providers that cover customer's desires and life context, and following a collaborative network strategy is a though process. Many criteria for service composition can influence decisions, and frequent contextual analysis for service personalization and evolution. To facilitate the process of finding best composite service in the context of CBE, we propose: (i) an approach to model the main CBE stakeholder´s requirements, and (ii) a mechanism to personalize services based on fuzzy cognitive maps.

The remainder of this paper is organized as follows: the introduction the research backgrounds in Section 2. Section 3 presents the CBE stakeholder´s requirements that supports the approach. A fuzzy cognitive maps in the context of collaborative network environment to rank care services is presented in Sections 4. A practical application of the approach is shown in Section 5. Finally, the conclusion in Section 6 with a discussion on the main future work and conclusions.

Research Background

The main research question addressed in this work is: How to provide personalized and evolutionary collaborative care services for elderly in an effective and reliable way? And the pursued hypothesis is: Effective and reliable personalized and evolutionary services for elderly care can be provided if a suitable set of multiprovider business services are composed and integrated in the context of a collaborative network environment and supported by context awareness methods, mechanisms and systems.

The research is organized according to the following phases: ( This work follows the initial ideas presented in [START_REF] Baldissera | Towards a Collaborative Business Ecosystem for Elderly Care[END_REF], where the proposed a Collaborative Business Ecosystem (CBE) was proposed for elderly care. The main goal of CBE is delivery of personalized and evolutionary care services. In the elderly care domain, personalization involves the analysis of the senior's life context for personalized service composition. For each change in the customer's context it is necessary to analyze the situation (in collaboration will all relevant stakeholders), and evolve the service to fit that context.

The simplified view of a support system for the CBE is presented in Fig. 1. In such ecosystem, the main intervenient actors are divided into two groups: (a) Elderly Living Environment (ELE), representing the elderly costumers and their ambient and context, including informal caregivers, such as family and friends, and all applications and devices with which they interact such as context aware devices; (b) Service Providers Environment (SPE), representing the care provision stakeholders, which has the goal of providing care and assistance services, facilitating support and companionship, all based on community participation with established trust. To operate the CBE, three main modules are considered: (1) Service design module: responsible for receiving service requests from seniors and family and searching the providers and best services available for the senior and his/her living environment (ELE customer); (2) Service evolution module: responsible for analyzing context information and proposing a personalized and evolutionary care and assistance service for ELE customer; and (3) Service runtime module: responsible for notifying the SPE and delivering to ELE the care and assistance services according to the corresponding agreed terms.

This paper focuses on the first research phase (Collaborative Business Ecosystem Model and Personalization Mechanism Development) and proposes a mechanism based on fuzzy cognitive maps to identify the required services and corresponding providers.

Elderly Care Ecosystem Stakeholders

A Collaborative Business Ecosystem (CBE) may involve many elements, covering customers (elderly) and their preferences and needs, care and assistance services, and service provision organizations [START_REF] Baldissera | Towards a Collaborative Business Ecosystem for Elderly Care[END_REF]. The organization of this ecosystem is according to four main areas: customer, care needs, service, and service providers. Customer is related to relevant information about elderly as a customer within the CBE. Care needs represent the major groups of necessities of individuals within the elderly community. A service represents a care service available within the ecosystem. Services are provided by service providers. In more detail:

-Customer: an accurate customer's profile is fundamental to identify the best option of care services. In CBE, a customer is characterized by personal attributes, constraints and life style. Personal attributes include gender, age, personality, family members, address, etc. Constraints refer to customer's physical and cognitive restrictions, and current and historical diseases. Life style captures customer's preferences, such as wishes, religion, social activities, technology usage, etc.

-Care Need: when requiring some care services, it is important to identify what are the customer's wishes and needs as well as their relative importance. A care need is directly connected to customer's profile, constraints and life style. In CBE, each care need belongs to an Area. Referring to the four life settings defined by the BRAID -Bridging Research in Ageing and ICT Development -roadmap project [START_REF] Camarinha-Matos | A comprehensive research roadmap for ICT and ageing[END_REF]: independent living, health and care, occupation in life, and recreation in life as areas. Customers express care needs through a fuzzy scale to indicate their priority regarding each need, i.e., ranging from no to very high priority as shown in Fig. 2. A care need may have an impact (negative or positive) on other care needs. Identifying such impacts is necessary to provide adequate level of services according to multiple care needs of a particular customer.

-Service: to cover a care need, one or more care and assistance services might be available in the collaborative ecosystem. A fuzzy scale is associated to these services to indicate their level of coverage of a care need (from no coverage to very high coverage as shown in Fig. 2). CBE considers that service descriptions are kept in a Service Catalogue, to be consulted whenever is needed.

Care needs and services are linked to a taxonomy to classify what is required from the customer and what is provided by service providers. The taxonomy is important during the matching process, where CBE module seeks for services to attend a set of care needs. Both services and care needs can be linked to distinct levels in the taxonomy, which may enlarge or restrict the searching process. For example, consider the following snippet of a taxonomy for health and care (Fig. 3). A service can be linked to Remote monitoring, which means it attends care needs related to Follow-up monitoring and Regular monitoring. However, a care need linked to Physical compensation does not match a service that is assigned to Neurocognitive compensation in the taxonomy. -Service Providers: have the goal of providing care and assistance services, facilitating support and companionship. Service providers include support and regulation entities, private companies, and/or governmental institutions. CBE can include several service providers, each one delivering its own services. It is supported by a virtual space or collaboration platform in which members (service providers) agree to create composite services as soon as good opportunities arise. This platform shall also facilitate the fast, dynamic, (desirably) on-the-fly partnership formation [13; 14]. As members of the ecosystem, partners remain prepared to engage in a composite service. When a market opportunity for a new personalized service appears, they engage in fast partnership creation (leading to a Virtual Organization -VO). The partnership remains while the package is still being delivered [START_REF] Camarinha-Matos | Integrated Care Services in Ambient Assisted Living[END_REF]. Based on the relevant concepts of the elderly care ecosystem described in previous section, a causal network was designed to support the computation of a ranking of care services. The proposed causal network is inspired on the Fuzzy Cognitive Map (FCM) Kosko [START_REF] Kosko | Neural networks and fuzzy systems: a dynamical systems approach to machine intelligence/book and disk[END_REF]. However, it was enriched with utility and decision nodes to support the decision process. When selecting services within the CBE, distinct factors can influence positively or negatively this decision. Additionally, decisions are often not based on precise criteria. Thus, the use of a FCM is an appealing choice to support the approach. FCMs are fuzzy directed graphs with feedback, covering many nodes and directed edges that connect and represent the causal relations between those nodes, so nodes in FCM represent concepts while edges are causal connections. A positive edge from node A to node B means A causally increases B. Intuitively, a negative edge from B to C means that node B causally decreases C. Causality is expressed in terms of a fuzzy degree, such as very low, low, moderate, high, very high, etc. The proposed fuzzy causal network (FCN) has three types of nodes [START_REF] Howard | Readings in decision analysis: Decision Analysis Group[END_REF]: chance nodes representing uncertain domain entities, significant for causal reasoning (denoted by ovals), aggregation nodes indicating partial computation (denoted by rectangles), and utility nodes, corresponding to the fitness value of the map configuration (denoted by a hexagon). Fig. 5 presents the abstract model of fuzzy causal network, which is built in two layers. The first layer computes a partial service adherence without deeming the care needs (for each care service). The second layer takes into account the services ranked in the first layer and the customer care needs to compose multiple service options. The outcome of this layer is a ranking with service composition options that best fit the service provision. Chance nodes. They are qualified using fuzzy variables ranging from 0 to 1. These nodes and their respective degrees are determined by rules established by the services. For example, consider a service s1 inserted in the service catalog represented by a node in the FCN. This service provides a particular resource that requires from the customer good knowledge on advanced smartphone features. The node representing this service will positively influence the service adherence whether the customer owns advanced knowledge on smartphones. On the other hand, if the customer is not familiar with this technology, the node will be considered negative.

Building the Fuzzy Map Network

For valued nodes, such as service rating and trustworthiness, a degree scale according to the value intervals is considered. For example, service rating may correspond to values between 0 to 10, separated in two intervals [0, 5] e [5.1, 10]. The first interval represents negative influence and the second interval is the positive influence. The degrees are also established in subintervals. Fig. 6 the service rating influence scale. For example, if the rating value is 8.6, the influence is positive and the corresponding fuzzy scale is + 0.8.

Fig. 6 Example of service rating influence scale example

When there is more than one node for an information, the influence degree is computed by the average among the nodes. For example, a customer constrained by health complications and memory disability will have the final constraint computed by the average between them.

Aggregation node. Service Provider is an aggregation node because multiple providers can provide the same service. This aggregation sums the received influences. The same concept is applied to Service Composition. Thus different kinds of composition are built to create the service ranking.

Utility node. For each service, the partial service adherence (PSA) is calculated. The value of PSA is the starting point for the second phase, where the partial service adherence will become a chance node. It receives a service partial adherence value. Service has a positive influence on Service Adherence node.

Service adherence (SAD) combines partial service adherence (PSD) and service coverage level (

) of the customer's care needs. SAD is calculated by multiplying these values.

SAD considers a service and all customer's care needs. However, service composition can bring even better solutions to attend the elderly and it should be taken into account. As such, for each service composition, the service composition node represents the maximum coverage of the composite services for each customer´s care needs.

Service Personalization Process

The proposed service personalization process is divided into four phases (Fig. 7): Service Pre-Selection and Filtering. In sequence, services that cover customer's wants are selected in phase 2. Selected services are filtered through restrictions. For instance, the customer's geographical area will constrain the searching to available services in a particular region. Customer's constraints determine the best ranked (and also the not eligible) care services for attending the senior. Life style information and personality [START_REF] Eysenck | A model for personality[END_REF] can suggest customer's preference for service choice and service evolution.

Service Adherence calculation. Service adherence represents a compatibility index between the service, customer's profile and customer´s care needs. The larger the service adherence is, the more personalized the service is for the customer´s profile. Adherence represents a potential decision criteria to rank care services. A composite business service is a collection of related and (to some extent) integrated business services that provide a specific business solution. Service composition can bring even better solutions to attend elderly and it should be taken into account.

Service Rating. The main considered parameter is service adherence that covers customer's requests, human constraints, preferences, etc. However, financial constraints and management strategies must also be considered for rating. For instance, service's cost and number of services providers.

Case Study

In this phase, the purpose is to evaluate the feasibility of the model. As a preliminary validation, we applied some illustrative scenarios-examples to give us confidence to move on to more complex cases. Thus, enlarging studied scenarios with non-trivial cases and new validation strategies will reinforce the applicability of our approach.

To guide the fuzzy map network application, let consider the following Mary's scenario. Fig. 8 shows the first stage, profile identification and care needs request. After customer's profile acquisition, the next step is service subset selection. Let´s imagine that five potential services to attend Mary's care needs are found. Among these services, the filtering process verifies that two of them are not available for Mary. The first one because it is not delivered in her geographical location and the second one because it is not suitable for diabetics. So, the available services for Mary's request are three services called s1, s2, and s5.

The causal network is then started. Considering service s1 like a regular health monitoring service, Fig. 9 illustrates a first part of the causal network for the example. Note that s1 requirements (defined in the first step) are compared with Mary´s profile and requests. For instance, when s1 was included in the service catalogue, a recommendation was that s1 is not advised for seniors above 80 years old. As Mary is 69, her profile causally increases partial service adherence. In relation to resources, s1 requires mobile internet to make better use (although it is not mandatory). As Mary does not have mobile internet, this situation causally decreases partial service adherence. About Mary´s constraints, memory disability and health complications have negative influence on the partial service adherence. The influence of these constraints is calculated as the average of the influences of the various constraints (two constraints in this example). Regarding service provider A, nodes and their influences are identified based on the CBE management strategies. Like service provider A is aggregation node, its influence corresponds the chance nodes sum. In the example, service s1 has one service provider. If s1 had two, both would participate in the causal network and the average influence would be taken.

For s1, the partial service adherence found is 0.84 (84%). For each service node, a partial service adherence node is added to the causal network, and this node will be used in the second layer.

Let´s consider that by applying the fuzzy causal network to services s2 and s3, the value is 0.79 and 0.86, respectively, we can then start the second layer of the fuzzy causal network.

The Fig. 10 shows the service adherence for each single service and for the service composition possibilities. For each service coverage level a fuzzy scale (Fig. 2) was pre-established when the service was inserted in the CBE. The service adherence (SAD) is sum of the product between service coverage level and partial service adherence (PSA). For composite services, the service adherence is given by the maximum. As such, the following Table 2 could be generated. For Mary seven possibilities were found. Using service adherence, cost and number of providers as criteria, the best scorers are ranked (

Table 3). To illustrate the multi-criteria ranking, the cost and number of providers as constrains and criteria. In this case, Mary can access to four composite services, and tree single services. Integrated services S1 and S2 have the same adherence of services s1, s2 and s3 (see column "Adherence" in Table 3). If only adherence is considered, they represent the first option for Mary, but the second also has higher cost. This cost can be negotiated by the coordinator of the CBE ecosystem, where multiple strategies can be applied, e.g. 10% discount when the service pack is provided by the same provider, or this represents an agreement between providers.

Service S1 and service S2 have the same service provider (see row 1 in

Table 3), so the subset of S1 and S2 is also delivered by one service provider. This can be an advantage, since an integrated service tends to be facilitated when provided by only one provider. On the other hand, it is risky, since a failure in the provision by this provider jeopardizes the provision of all services.

The service providers collaborative network for each customer is ultimately determined indirectly by services selection.

In our example scenario, care service providers for Mary depend on Mary's choice of services. If she chooses the first option, service provider is a single one. In contrast if she chooses the second option, a virtual organization (VO) is created with two providers (Fig. 11). Provision of personalized care services to elderly need to consider the life style aspects and the current customer´s context [START_REF] Baldissera | Towards a Collaborative Business Ecosystem for Elderly Care[END_REF]. If seniors and their family are satisfied with the provided services they will feel as unique individuals and are likely to remain loyal to the service provider [START_REF] Lee | Deploying personalized mobile services in an agent-based environment[END_REF]. Providers should seek this aspect, collecting feedback information in order to provide personalized services to their customers.

In this paper the service adherence criteria based on a fuzzy causal network for rating care services. Service adherence is part of the personalization process and represent the main criterion for finding the best personalized option to the customer.

The next phase of the work will be personalization mechanism refinement through setting multi-criteria parameters for matching between care needs and services and variable parameters like delivery time, integrated service historical data, ecosystem strategies, service loyalty time, incentives with some combined choices, etc. The last research step will address evolution mechanisms development for efficient service adaptation to evolving customer's life phase.
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Table 1

 1 briefly describes the nodes of FCN. Except for utility node (Partial Service Adherence and Service Adherence), and aggregation node (Service Provider and Service Composition), all the others are represented by fuzzy variables in the range [0, 1]. This allows to initialize and analyze nodes whose values are imprecise.

Table 1 .

 1 Nodes in the causal network

	Node	Semantics	Type
	Service Rating	The rating given by the ecosystem for a service	Chance
	Customer´s constraints	The constraints expressed by the customer	Chance
	Customer´s profile	The properties representing a customer profile	Chance
	Customer´s resources	The resource set possessed by a customer	Chance
	Customer´s preferences	The preference set expressed by the customer	Chance
	Customer´s life style	The properties that characterize the customer life style	Chance
	SLA given by the provider A value (0 to 10) representing the level of agreement a	Chance
		provider states about a service	
	Organization	The trustworthiness level given by the ecosystem to an	Chance
	trustworthiness	organization	
	Service provider rating	The rating given by the ecosystem to a service provider	Chance
	Competences and skills	The list of competences of a provider for a particular	Chance
		service	
	Service Provider	A aggregator for provider characteristics	Aggregation
	Partial Service Adherence The adherence of a service without considering the	Utility
		customer care needs	
	Cost	A total cost of a composite care service	Chance
	Partial Service Adherence A value of partial adherence that was calculated in the first	Chance
		layer	
	Service coverage level	The SCL given by the service to a care need	Chance
	Customer´s care needs	The care needs set of a particular customer	Chance
	Service Adherence	The adherence of a service with care needs	Utility
	Service Composition	The composition of services	Aggregation
	Ranking	Ranked list of services	Chance

Table 2 .

 2 Service Adherence for single and composite services

		PSA	SCL (cn1) SAD (cn1) SCL (cn2) SAD (cn2)	SAD
				Single services			
	S1	0,84	0,2	0,168	1	0,84	1,008
	S2	0,79	0,8	0,632	0,6	0,474	1,106
	S3	0,91	0,6	0,546	0,8	0,728	1,274
				Composite Services			
	s1 and s2	-	-	0,632	-	0,84	1,472
	s1 and s3	-	-	0,546	-	0,84	1,386
	s2 and s3	-	-	0,632	-	0,728	1,360
	s1, s2 and s3	-	-	0,632	-	0,84	1,472

Table 3 .

 3 Rating of services for Mary

	Rating	Services	Adherence	Cost	number of providers
	1	s1 and s2	1,472	44€	1
	2	s1, s2 and s3	1,472	74€	2
	3	s1 and s3	1,386	55€	2
	4	s2 and s3	1,36	49€	2
	5	S3	1,274	30€	1
	6	S2	1,106	19€	1
	7	S1	1,008	25€	1
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