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ABSTRACT

Telecare supports delivery of care to the home. Telecareonks
link devices in the home, and provide access to local and teemo
services. Since telecare systems require a high degreetai-au
omy, it is desirable to have automated rules that managedpei
eration. Telecare systems also require flexibility and tadality,
but modifying their technology normally needs expert imégtion.
The authors and their colleagues have developed polioyelrasin-
agement as a higher-level, user-friendly way of suppottiferare.
This work has now been extended to support abstract goaisléer
care. These goals manage the distributed networks, desiwms
services used in telecare. Goals are automatically refirtegbli-
cies that are executed dynamically. Sample goals and eslaie
given to illustrate the approach.

1. INTRODUCTION

1.1 Telecare

The world population is gradually ageing, with the percgataf
older people (over 65) expected to rise by 2050 to 19.3% world
wide — and much higher in some countries [3]. Although the-pop
ulation is ageing, older people are generally healthierraack ac-
tive than in previous generations. They usually prefer &y $h
their own homes for as long as possible. This is fortunatesesi
the increasing proportion of older people will make it difilicto
provide adequate numbers of care homes. In addition, thteo€os
looking after someone in their own home is roughly half thiat o
a care home. There is therefore a strong need to help oldeigeo
prolong independent living at home. Others could also befmefn
being able to stay at home, such as those with physical orahent
disabilities, or those with long-term medical conditions.

*
Gavin A. Campbell
Computing Science and Mathematics
University of Stirling
Scotland FK9 4LA

gca@cs.stir.ac.uk

and relieve professional carers of low-level monitoringk&a Tele-
care systems should be appropriate (reflecting differekesiolder
viewpoints), customisable (tailored to specific user ngdtixible
(supporting a range of solutions), and adaptive (as cardsnaed
conditions evolve). Unfortunately, most telecare sohsiare rel-
atively fixed. Where alteration is possible, this typicalguires
detailed technical knowledge and re-programming.

The authors are contributing to theavicH project (Mobilising
Advanced Technologies for Care at Hom&w.match-project.org.
uk). In support of telecare, this project is exploring a ranfjad
vanced technologies such as home care networks, lifestyhion-
ing, speech and multimodal interfaces. One aspect of tlearels
is reported in this paper: policy-based management of hare ¢
Many similar projects focus on telehealth: remote monitprand
support of health care in the home. ThesMH project is unusual
in its focus on social care (and its relationship to healtie)aFor
this reason, MTCH aims to support a mixture of devices and ser-
vices that provide a comfortable and safe living environtrfen
users — and not just to support their health.

1.2 Related Work on Telecare

There have been numerous projects on aspects of techrelogie
for home care. Topics have included e-health (e.g. e-HEatth,
HAVEN, MIRTH, SAPHIRE, UBICARE), independent living (e.g.
AMI, ALIP, EQUAL, PERSONA SOPRANO, SPARC), smart houses
(e.g. AVIGO, Bath, Gator, Housen, Millennium Homes), and tele-
care (e.g. Continua Health Alliance, ETSKEHE).

However, MATCH has a unique focus that distinguishes it from
other work in important ways. The emphasis is on deliveryaséc
services to the home, particularly for social care (thouggith care
is not neglected). MrCcH aims to interface with other care ser-
vices, and therefore to integrate a wide variety of care toang

Telecare systems are computer-based systems that sugport d devices and techniques. TheavtH approach should therefore be

livery of care to the home. They can provide the user with ad-

vice, identify trends that may need intervention, monitor din-
desirable situations, reassure family members and infocarars,

seen in the context of home networks. The work on smart houses
(e.g. [4]) tends to concentrate on home automation (e.dicaqmes,
entertainment, security). Like NrCH, a number of projects have
used OSGito support care. However these other projectdynfiost
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SAPHIRE (Www.srdc.metu.edu.tr/ webpage/ projects/ saphire).

The social care emphasis ofAvicH is unusual. Other differenti-
ating factors include the use of ontologies to enhance seodery
of home care services, the use of goals and policies to mahage
services, and the fusion of multiple technical disciplinastivity
monitoring, home networks, multimodal interfaces, spete-
nology, and stakeholder requirements analysis.

1.3 Related Work on Goals

Planning in artificial intelligence goes back about 40 ydarg.
the STRIPSsystem). Much more recent is work on goals in agent-
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These wide area links can use the Internet (via a home braddba
connection) or a cellular network (via a mobile phone).

Links to internal devices include the following. The dewce
¢ shown in figure 1 are just examples from a much wider range.
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Senvices | € > system [ € g sensors: these are typically wireless (for ease of installation}, bu
+ can also be wired (e.g. the KNX standanaiyw.knx.org)

actuators: these are typically wired (e.g. through an X10 mains
X10 UPnP interface), but can also be wireless
Network Network

Wireless

Network . -
appliance networks: there can be several of these, conforming

f \ ¢ 5 to standards such as HAVi (Home Audio/Video interoper-
ability, www.havi.org), Jini (a service architecturemwjini.
Movement | [ Medication DVD v org), LonWorks (a building control networkyww.echelon.
Sensor Sensor Recorder com) and UPnP (Universal Plug and Playyw.upnp.org)
Heating Lighting L.
Actuator Actuator 2.2 Policies

The authors and their colleagues have developed a flexihle so
tion to managing telecare, based on user-defined polici@i¢s
operate at a relatively high level, and offer many advargasyeh
as orientation towards user needs, customisability anpitalliity.

based systems. Goals have also been addressed in requsemenA system called ACENT (Advanced Component Control Enhanc-

Figure 1: MATCH Environment

engineering. Systems such asdss [9] aim to build a formal proof ~ ing Network Technologiespww.cs.stir.ac.uk/ accent [8]) has been

that the requirements derived for a system meet its goals. developed for supporting policy-based managementCENTwas
Goals in a policy context are interpreted differently [2, pals designed to be friendly for end users.

can be treated as the top of a policy hierarchy. The ideaigtias Policies are written in APEL (Adaptable and Programmable

can be refined into policies, and even policies into loweellenes. Policy Environment and Languageww.cs.stir.ac.uk/appel ). Ap-

A formal approach to goal refinement has been developed using PEL falls into the category of languages called ECA (Event Con-
Event Calculus and Kos [1]. As another formal approach, [6]  dition Action). When a system event (or combination of esgnt
uses temporal logic in a two-stage refinement process fraatsgo ~ occurs, a check is made on the policy condition(s). Othedieon

to subgoals, and subgoals to policies. tions include the policy’s period of validity and whetheniatches
The approach described in this paper differs in significaatsy ~ the user’s current profile. If the policy applies, its ac(®)are per-
Although some offline analysis is performed, the bulk of thalg- formed.
sis happens at run time. This allows the choice of policieefend The policy server is designed as a general-purpose componen
on the prevailing circumstances. The approach is basedmenmiu that can be used in many domains. It therefore relies on the ma
cal rather than logical reasoning. This is more flexible &t tjpals aged system (telecare system here) to notify it of signitiegents.
need be fulfilled only as far as possible, and not in any absolu These events should be relatively high level and infreqier.
sense. A pragmatic rather than a theoretical approachlemet!. the user has fallen, a room has been entered, a visitor hesdrr
Formal methods are avoided as they are technically chatigng ~ Conversely, policy actions are performed by the managettisys
and performance issues effectively preclude their useretime. (e.g. alert a family member by text message, turn on the ragim |

sound a chime).

The APPEL policy language has a core that is specialised for
each domain — telecare is currently one of several very reiffie
applications. Since policies are internally XML, exterilgip is
2.1 The MatcH Telecare SyStem achieved by defining APELthrough a hierarchy of schemas. These

The MATCH telecare system runs unobtrusively in the home on are supplemented by ontologies that define the conceptsetmd r
a PC-like system. The system adopts a service-orientedt@reh  tionships in each application domain. For the work repottece,
ture, and is supported by OSGi (‘Open Services Gatewayainiti the schemas and ontologies have been extended to supptst goa
tive’, www.osgi.org). A variety of care services have been created and prototypes for telecare.
by MATCH for this platform. Monitoring data and system data are  As reported in [10], policy-based management has been-devel

2. BACKGROUND

stored in the home, but may be remotely interrogated or feamsi oped as part of the WMrcH system. Policies have been used in a

(subject to security restrictions). Figure 1 shows thectale sys- variety of ways to support telecare:

tem embedded in its wider context. The telecare system ttase

link carers and telecare devices via a number of networld. fio sensor management:Sensor nodes typically have limited battery

external support are as follows: power that needs to be carefully managed. For example, poli-
cies have been defined to conserve power by altering sensor

professional social care:social workers, occupational therapists, measurement and reporting intervals, with different strat

home assistants gies depending on the available power level.



telecare services:The services that support care can be defined
and managed through policies. For example, policies can
control the modality through which users receive reminders
(e.g. spoken messages, audio chimes, visual displaysetact
alerts). Policies can also define the actions to be takerein th
event of an anomaly (e.g. inform a carer by text message if
the user has not risen normally, suggest seeking medigal hel
if the user’s heart rate is too high).

home automation: Life in the home can be made safer and more
comfortable using policies. For example, the user can be
warned of windows left open on leaving the house, or lights
can be automatically turned on if the user gets up at night.
Efficient use of energy for heating can be managed by poli-
cies.

entertainment: Policies can choose the user’s favourite music, or
can record TV programmes that the user would normally
watch.

preferences: In general, policies can capture user preferences. For
example, these might include what kinds of food should be
stocked, the preferred living room temperature, and what
mode of communication is preferred (e.g. house phone, text
message, email).

It follows that the policy system must be accessible to thk-or
nary user. The most visible and important component of thieypo
system is the policy wizard. This exists in several forms: ebw
based wizard that uses near-natural language, a form-bazad
that defines policies by ticking choices on forms, and a vbizsed
wizard that allows policies to be retrieved and edited usipyone
(or microphone). Other conveniences such as pre-definedypol
templates make it easier for non-technical users to fortaukeeir
own policies.

The policy-based approach also supports multiple stakehsl
In telecare, these include the users themselves, theimmafocar-
ers and their formal carers. It is not expected that thosearie will
define policies directly (though this would be possible).tHea
their needs are likely to be expressed to formal carers asopar
care assessment. A formal carer can then define policies & me
the user’s needs. The care needs of a user often vary overagme
pecially if they have a degenerative condition such as démehn
advantage of policies is that they can be changed quickbout
requiring technical expertise such as reprogramming.heamore
they can be changed remotely, without requiring an on-si# v
(which can be time-consuming in rural areas).

Although policies are fairly high-level, they are still agively
imperative. A more abstract way for users to formulate theids
has now been achieved through the design and implementstéon
goal system. Goals are persistent, high-level, user-@ieobjec-
tives for how a system should behave. They are declaratate-st
ments of what is required, not operational statements of dmals
should be achieved. In fact, they are sufficiently absttzat they
cannot be realised directly. A process of refinement is theze
needed to map goals onto lower-level policies that achieemt

2.3 Goals

Goals originated in artificial intelligence, where they &pi-
cally used by a planning system to build sequences of actiwts
achieve them. A similar approach has been adopted in ageseb
systems. Goals in the context of policy-based managemest ha
received little study. Refinement of goals into policiesi¢atly
makes use of logic: policies are identified to meet goalsuitino
a process of logical entailment. In the work reported heoal g
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Figure 2: System Architecture

refinement is instead viewed as a numerical optimisatioblpro.
The main advantage is that goals can be supported in a fully dy
namic way. As the system and its environment change, theiesli
that achieve goals are automatically evolved to give thérbasch

to current circumstances.

Goals are associated with numerical measures of how well the
are achieved. Goal measures are maximised or minimised. The
measures are arbitrary functions over system variablesgthfor
practical and technical reasons they are normally weightsas.
Since there are usually multiple (often conflicting) gotigjr mea-
sures are combined into an overall evaluation (fitness)iomthat
assesses how well a candidate set of policies meets the goals

Goals are realised through prototype policies (‘protosypthat
contribute to them. These prototypes form a library of ‘ding
blocks’ for accomplishing goals. When goals are defined; #re
statically analysed against the available prototypes.s Tdenti-
fies the policies thatay contribute towards each goal. The actual
selection of policies is deferred until run time since therent cir-
cumstances can then be used to make an optimal choice.

3. THE GOAL SYSTEM

3.1 System Architecture

The overall system architecture to support goals and eslis
shown in figure 2. This is an extension of previous work ongesi
for call control [8]. Although the system primarily dealsttvpoli-
cies, it also handles goals, prototypes, resolutions (bat with
conflicts), and variables (that may be used in goals andipse)ic
The main components communicate via socket connectidog;-al
ing one or many physical systems to be used.

Managed System:the system under control (here, a telecare sys-
tem).

Policy Store: an XML database that stores information about goals
and policies.

Policy Server: the heart of the policy system. The policy server
receives goals and policies from the policy wizard, and also
information from the context manager. When goals or pro-
totypes are modified, the goal server is called to statically
analyse them. When an event occurs in the managed system,
it selects relevant policies (i.e. those associated withtily-
ger and whose conditions are met). If any triggered policies
derive from goals, the goal server is asked to find the optimal



set. Conflicts among policies are then automatically detect
and resolved. Finally, an optimal and compatible set of ac-
tions is sent to the managed system.

Policy Wizard: a user-friendly interface for defining and editing
goals and policies.

Context Manager: an interface for providing additional informa-
tion about the managed system (e.g. the home configuration).

Conflict Analyser: a tool to analyse policies offline for possible
conflicts.

Ontology Server: a generic interface to ontology-based informa-
tion about an application domain (e.g. telecare). Domain-
specific ontologies are used by the policy wizard, the canflic
analyser and the goal server.

Goal Server: the heart of the goal system. The static goal anal-
yser is invoked when goals or prototypes are altered (see
section 3.3). The dynamic goal analyser is invoked when
goal-derived policies are triggered (see section 3.4).

3.2 Goals and Prototypes

Syntactically, a goal is a simplified form of policy. Therenis
trigger, because goals always apply. A goal may have a (com-
pound) condition, but lack of a trigger means the conditicaym
use only general contextual information (e.g. the currenéetor
room temperature). A goal has a single action of the farax-
imise(measure) or minimise(measure). The measure is a numerical
assessment of how well a goal is achieved. In general, a meesu
defined by a formula using system variables from the domain on
tology. Some of these are held per user (or entity), whilersth
are shared across the system. Quantitative variables imagb-a
vious measure (e.g. temperature’ @), while qualitative variables
are just numbers on a scale (e.g. social contact O is low, Higlng.

Uncontrolled Variables: these variables are beyond the control of
the policy system, typically ‘environmental’ factors (eogit-
door temperature, weather forecast).

Controlled Variables: these variables are managed by the policy
system (e.g. energy use, medication compliance).

Derived Variables: these are pseudo-variables defined in terms of
(un)controlled variables (e.g. the measure of user aglivit

Goals are realised through sets of policies. The need tocostupp
goals leads to defining separate prototype policies. Theseeay
similar to regular policies, but are considered separdtgihe goal
system.

Prototypes have asffect attribute that defines how they modify
one or more system variables (i.e. how they contribute tbmea-
sures). The effect of a prototype is an abstraction of thmrst
it can perform. At definition time, effects are used to idgnthe
relationship between goals and prototypes. At run timey the
termine the policies that optimally satisfy the goals. Biypes are
also allowed to have parameters that are optimised at rum liyn
the goal system.

An individual effect names a system variable, an operatw, a
an expression (e.g. ‘medicatiocompliance += 3'). The basic op-
erators are ‘=’ (set a variable), ‘+=' (increase it) or ‘-¥&fluce it).
In special cases, prototype effects are not allowed at tine $ime.
There are therefore special ‘exclusive’ forms of the opsat'+~’
and ‘-~'.

3.3 Static Analysis

Static analysis in the goal system is activated when a goal or
prototype is created, modified or deleted. Whether a prptotyn-
tributes to a goal is determined by comparing its effectsoiw the
goal measure is defined (i.e. which system variables it usAs)
prototype contributes to a goal if it affects one or moreexysvari-
ables involved in the measure. The prototype effect may fmodi
an arbitrarily complex measure. The result may therefotebeo
known until run time, when an effect may worsen or improve the
outcome of using this prototype.

A library of useful prototypes is created by a domain expEinis
uses information in a domain-specific ontology about systari
ables. Typically a prototype contributes to one or more gddbw-
ever, a prototype may not contribute to any goals if it isl@évant
for the current ones. Policies are created from prototypgsaen-
ditions that combine the conditions of goals and prototyfiesugh
there are subtleties in doing this). To the rest of the paigstem,
these generated policies look like regular ones — but djsighed
by a supports_goal attribute. Prototype parameters remain unin-
stantiated until run time.

3.4 Dynamic Analysis

Dynamic analysis in the goal system is activated when anteven
trigger identifies the policies to execute. If no policies goal-
derived, the policy server continues policy execution asrmab.
However if there are such policies, the dynamic analyseskedto
choose a subset that optimises the overall goal evaluatiwetion.
This function combines goal measures, and thus dependstansy
variables that may change dynamically. This selects thegdmdis
cies for the current circumstances. It also means thatipslican
change as the system evolves over time. This dynamic agpisac
much more flexible than the offline, logic-based techniqusesiin
most other approaches.

An optimisation algorithm determines the best policy camabi
tion as judged by the evaluation function. Prototype patarsare
also chosen optimally through the same procedure. The geal s
tem is designed to use any optimisation algorithm that aomfo
to a defined interface, though only a simple but effectiverdgm
is used currently. Certain kinds of conflicts are automdidzan-
dled during optimisation (e.g. if prototype effects areompati-
ble). The policy system can handle hundreds or thousandslief p
cies. Even if these are all derived from goals, it has not leend
that performance is an issue. What matters is how many sueh po
cies are triggeredt the same time — typically only around half a
dozen.

The optimal policy set is analysed for conflicts among their a
tions. This uses special resolution polices that detedilpnos and
produce a compatible set of actions [7]. Finally, theserogtiand
compatible actions are executed by the managed system.

4. APPLICATION TO TELECARE
4.1 Goals and Prototypes

A telecare system typically has many system variables. ¥or e
ample, uncontrolled variables may inclufdescast (weather fore-
cast) andbutdoor (outdoor temperaturé,C). Controlled variables
may includeadditive (additive intake, g/day)awake (awake time,
hours),chill (chill risk, 0..10),contact (social contact, 0..10gnergy
(energy consumption, kWhjnedication (medication compliance,
0..10), night (night awake time, hourspollen (pollen risk, 0..10),
security (security level, 0..10)yiewing (TV viewing time, hours),
andvolume (noise level, dB).



[ Goal
1 (doctor)

| Definition

do maximise medication compliance
measure 2.0 xmedication

do maximise security level

measure 7.0 xsecurity

do maximise social contact

measure 3.3xcontact

if it is a weekday

do maximise user activity

measure 0.6 xawake - 5.0 xviewing +

10.0xcontact
do minimise allergen exposure

measure 3.3xpollen + 5.0 x additive
do minimise energy consumption
measure 3.3xenergy
if itis 11PM-7AM
do minimise housing disturbance
measure 1.0 xthreshold(volume,60) + 1.0 x night
do minimise user discomfort
measure 1.0xideal(indoor,21) + 2.5x chill +
0.2 xideal(volume,80)

2 (warden)

3 (relative)

4 (therapist

5 (doctor)

6 (warden)

7 (warden)

8 (user)

Table 1: Sample Goals

Sample goals for telecare are shown in table 1, drawn from a
larger set that deals with many other factors. The persatylito
define each goal is indicated. Instead of using the interhal X
representation, goals are described here in stylised gngiimilar
to the policy wizard interface.

The measures are mostly weighted sums, though two standard
functions can be useddeal (deviation from an ideal value) and
threshold (amount above a minimum value). Scaling factors for
measures (e.g. 2.0 in goal 1) are automatically chosen tar@ns
measures have similar numerical values in typical circancss.

The measures are combined into an overall evaluation fumcti
that is usually a weighted sum of the goal measures. Maxinise
measures have positive values, while minimised ones ar@ineg
The goal system includes automated sensitivity analys@héxk
how its behaviour depends on the choice of weights. It has bee
found in practice that the choice of weights is not criti@f. the
outcome is usually the same even if goal weights vary ovetia ra
of 10:1. A weight of 1 is therefore usually a satisfactoryicko

The prototype library includes a wide range of options tqmuip
telecare. Table 2 shows example prototypes, again in styin-
glish. These are relevant to maintaining an active and caatfte
environment for the user. Prototypes 2, 3 and 4 differ inrtben-
ditions (temperate, cold, warm weather) and hence in tlffeicts.

When the policy system is managing a device (e.g. air canditi
ing), its actions are direct. However when people are irehits
actions are indirect. For example, prototype 4 encourdyésipes
not force) the user to go for a walk. Actions are also higtelend
do not imply a particular modality. For example, prototypasks
a neighbour to drop by. Depending on user preferences, tlgistm
be achieved through a text message, a synthesised voicageess
or an email message.

4.2 Static Analysis

As each goal is defined, the prototypes that contribute teeit a
determined. Table 3 shows the results of statically anadypro-
totypes against goals. (Goals 1 and 7 are not supported bg the
particular prototypes.) This creates a goal-derived gdiic each
prototype, stating which goals each policy contributes to.

[ Prot. | Definition

1

when indoor temperature > 30 and
outdoor temperature < 25
do turn heating off and turn air conditioning off and
open windows for 1 hour
effect indoor -= 4 and security -= 3 and pollen +=1.5

when the user has not left the house during 2PM-5PM and

outdoor temperature is 5..25
do encourage the user to go for a walk

effect contact +=1

when the user has not left the house during 2PM-5PM and
outdoor temperature < 5
do encourage the user to go for a walk

effect contact += 1 and chill +=5

when the user has not left the house during 2PM-5PM and
outdoor temperature > 25

do encourage the user to go for a walk

effect contact += 1 and pollen +=4

when the user has no phone calls during 8AM-5PM
do ask a friend to phone in the evening
effect contact +=1

when the user has not left the house during 9AM-5PM
do ask a neighbour to drop by in the evening
effect contact += 2

when indoor temperature < 18 and windows are open
do turn heating on for 1 hour and

turn air conditioning off and close windows
effect indoor+= 5 and energy += 3 and security += 3

when indoor temperature > 27
do turn heating off and turn air conditioning on for 1 hour
effect indoor -= 6 and energy += 2

Table 2: Sample Prototypes

Prototype
[Goal | 1[2[3]4[5]6]7]8
2
3 VIVIVIVIV
4 VIVIVIVIV
5 |V v
6 vars
s |[V| |V vars

Table 3: Goals affected by Prototypes




4.3 Dynamic Analysis

Suppose that the indoor temperature i§@%vhen 5PM comes
round. The policy server will determine that policies 1, 26%&nd
7 are eligible for execution. These will be passed to the dyoa
analyser, which will retrieve the current values of the egstari-
ables. The dynamic analyser will report that policies 2, & @rare
optimal in these conditions. Policy 7 would have been inetud
the indoor temperature had beerf Céor lower, or policy 8 if it had
been 28C or higher. The actions of the optimised policies are then
checked for conflicts (such as trying to turn the heating lofftand
on), though in this example there are none.

A substantial number of things happen when a trigger occurs.
The entire procedure for selecting policies, optimisinglgore-
solving conflicts, and dictating actions takes about twmsds:
one second in the policy server, and one second in the goadrser
If goals are not used, only the policy server is involved.tioately,
policy-related events in a telecare system are relativéhgguent.
The processing overhead is therefore believed to be adiepta
especially given the considerable flexibility and contrattgoals
and policies offer. However, the authors expect to be abledoce
this overhead in a number of ways such as caching goal agalysi
results.

5. CONCLUSION

It has been seen how goal refinement into policies can be for-
mulated as a numerical optimisation problem. The achientwie
goals is assessed through measures defined in terms of symtem
ables. Prototypes contribute to goals through their effentthese
variables. When goals and prototypes are altered, statilysia
determines the relationship among these. This createtarqgpli-
cies that are linked to the goals they support. When systemtgv
occur, an optimal selection is made of goal-derived pdici€he
dynamic nature of the analysis means that goals are besvachi
according to the current circumstances.

The goal system has been used to enhance the policy-based sys

tem for managing telecare. This is linked to a variety of sess
actuators, appliances and services. The work has so farvaénr

ated only in a lab setting, but will shortly be deployed in tizenes
of real users.

The goal system has been illustrated for telecare. Howéwer,
techniques and tools are multi-purpose. For example, tasg h
also been used to support goals and policies for managirgpsen
networks, wind farms and Internet telephony. It is therefbe-
lieved that the approach is general and will find value in maoy
mains.
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