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Abstract. Community care is an area that requires extensive cooperation between independent agencies, each of which needs to
meet its own objectives and targets. None are engaged solely in the delivery of community care, and need to integrate the service
with their other responsibilities in a coherent and efficient manner.

Agent technology provides the means by which effective cooperation can take place without compromising the essential secu-
rity of both the client and the agencies involved as the appropriate set of responses can be generated through negotiation between
the parties without the need for access to the main information repositories that would be necessary with conventional collab-
oration models. The autonomous nature of agents also means that a variety of agents can cooperate together with various local
capabilities, so long as they conform to the relevant messaging requirements. This allows a variety of agents, with capabilities
tailored to the carers to which they are attached to be developed so that cost-effective solutions can be provided.

Keywords: Community care, agent applications, multi-agent systems

1. Introduction

Current health and social care policy reflects the
view that most older frail or disabled people would pre-
fer to live in their own homes rather than in hospital or
nursing home settings. “Community care” refers to the
range of services delivered in the person’s own home
or community setting, in order to help them to continue
to live independently. Typical services include home
helps, meals-on-wheels, domestic help and community
medical and nursing services. Information technology
within community care currently involves a number
of autonomous systems; home monitoring, commu-
nity alarms, care management systems and emergency
systems command and control systems. Each element
of care is provided by different autonomous bodies,
which maintain their own individual management in-
formation systems. The overall management of the
care typically resides outside of these systems, protect-
ing individual bodies from disclosing sensitive and ir-

relevant information. A useful review of current work
has recently been reported [10] but this concentrates
mainly on the technologies that can be applied rather
than the communication mechanisms that can be de-
ployed to support those receiving care.

Recent years have seen a shift in focus in the ser-
vices provided to older and chronically sick people
from institutional care to care in the community. Com-
munity care is typically provided by a range of inde-
pendent organisations and agencies, each needing to
meet its own targets and objectives and to integrate the
service with their other responsibilities in a coherent
and efficient manner. This often leads to serious service
inefficiencies as there are inadequate systems in place
to share relevant information without compromising
the security of the information held. Another factor is
that a considerable amount of community support is
provided by informal carers who are excluded from the
general care management system because of difficul-
ties in integrating them without breaching the official
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confidentiality requirements. Agent technology, and in
particular mobile agents, provide a means by which
effective co-operation (information sharing and com-
munication between autonomous information systems)
can take place without compromising the security of
the client and the agencies involved, particularly in the
highly volatile environment of community care. Since
each agent has complete autonomy it can respond ac-
cording to the rules of the organisation it represents,
providing an effective and assured guardian that is to-
tally under that organisation’s control. No other archi-
tectural framework for Distributed Information Sys-
tems gives this capability without serious reliability
problems.

In this paper we describe the principles behind a
distributed multi-agent-based Integrated Community
Care (INCA) system. A demonstrator system, imple-
mented using the ZEUS agent-building toolkit [16] is
also described in order to demonstrate the feasibility of
the approach and its potential practical benefits. This
demonstrator shows that the technologies proposed al-
low effective communication without compromising
integrity and privacy. In particular they provide an ap-
proach where it is possible to ensure the minimum col-
lection of information in that the Home Service agent
can be configured so that it only releases private or sen-
sitive data in case of an emergency, when such infor-
mation is of value.

Although the humanitarian perspective is compel-
ling, the delivery of community-based services pres-
ents a number of organisational, managerial and logis-
tical problems that undermine the effectiveness and ef-
ficiency of services. While community care has typi-
cally involved limited use of information technology,
recent developments have seen significant application
development, a trend that is likely to significantly de-
velop in the future.

The objective of the INCA Project is to investigate
how community care can be developed in the Internet
age through the use of multi-agent technology. The
motivation for this has been a consideration of the
agent society’s social abilities in:

– Promoting effective care systems that:

• provide better services and resources to clients,
• enhance social interaction between them and

with their carers,
• deliver more effective care.

– Providing the high-abstraction level care manage-
ment strategies by linking all relevant agencies
into a single framework of accountability.

– Giving an in-depth understanding of the health in-
formation framework that underpins the delivery
of high quality, effective community care, includ-
ing the formularisation of the links between the
disparate agencies involved.

– Establishing a single agent-based care monitoring
facility that can be used by all care professionals
to assist in effective monitoring and diagnosis.

– Developing cooperative structures within the
community structures to change service provision
and care policies through the use of automated
agents involvement in planning, scheduling, or-
ganising (both formal and informal) care and even
directing care service programs.

– Devolving care management and responsibility to
those providing the care by providing shared su-
pervision and teamwork and by separating the or-
ganisational from the social requirements, devel-
oping a much more responsive and client cen-
tred environment that adapts rapidly to changing
needs.

Some of these objectives have already been inves-
tigated in the medical domain through the use of
multi-agent system architectures. For example, the
GUARDIAN system [11] considered patient monitor-
ing in a Surgical Intensive Care Unit. Support is pro-
vided for collaboration among specialists, each an ex-
pert in a specific domain but fully committed to shar-
ing information and knowledge among each other and
the nurses that continuously monitor the patient in
the physicians’ care. In [15] a system devoted to dia-
betes care has been presented, where cooperation not
only between the medical specialists, but also others,
such as administrators is supported within the agent
community. Another example is the agent-based sys-
tem has also been described that supports collabora-
tion among general practitioners and specialists about
patient healthcare [12].

A more general agent-based telemedicine frame-
work has been reported [6] that can assist specialists
in diagnosing difficult cases through information shar-
ing, cooperation and negotiation. In this case each spe-
cialist has their own Telemedicine-Oriented Medical
ASsistant (TOMAS) agent that behaves as a medical
assistant and has two generic functions:

– an agenda for managing appointments, and
– methods for access to patient records.

Support for telemedicine is given by software features
for remote exchange of patient data, cooperative anno-
tation of cases and negotiation of appointments. These
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approaches have been greatly assisted by moves to
standardise medical information through attempts to
standardise patient and other records [7]. The INCA
project aims to take these forward from the purely
medical domain and integrate them into the general
community care environment, where the linkages are
less formal and effective cooperation and negotiation is
essential if appropriate care is to be delivered. A major
difference is that it is rarely possible to share informa-
tion as freely as within the purely medical domain be-
cause of the involvement of different agencies and indi-
viduals with widely differing requirements. The agent
community therefore has to act as a coordinator and
filter to ensure that appropriate and correct information
is distributed to all concerned.

2. The agent environment

An agent mediated approach makes it possible to in-
tegrate the existing care systems in a way that makes
cooperation natural between highly independent agen-
cies. This is because only the communication now
has to be standardized, not the internal data structures
and representations, as would be necessary if a dis-
tributed database approach using shared schemas was
adopted [8]. The INCA system can therefore interface
directly to a wide range of existing databases, knowl-
edge bases and control systems that are already in
place. This can include not only the home monitor-
ing systems, but the management databases that man-
age care provision and the care providers own informa-
tion management systems without having to give ac-
cess to commercially sensitive data which such sys-
tems inevitably contain. The much broader care pic-
ture can therefore be monitored that is of great help
to care managers in developing the most effective and
efficient care programme for each individual, includ-
ing the elimination of unnecessary duplication of re-
sources.

A significant focus of the research is to ensure that
the most appropriate assistance is provided in a reason-
able time. The various potential agencies have differ-
ing capabilities and can respond to a request in vari-
ous ways, and in differing time frames, each having its
own defined cost. Depending on the nature of the in-
cident to which a response is required a decision as to
the most appropriate response has to be arranged. This
will require multi-dimensional negotiation at a number
of levels if acceptable levels of service are to be as-
sured. The current arrangements have great difficulty

with this as only limited information is available. It
may for example be appropriate to notify an informal
carer who can respond rapidly because they are close
to the scene either in place of or in addition to a profes-
sional carer or the emergency services so that at least
some assistance is available at the scene. This more
sophisticated approach can only work effectively with
full cooperation and information exchange between all
parties involved.

The issue of timely intervention when delivery of the
promised assistance fails also needs to be addressed,
in case that the appropriate agent must identify the an-
ticipated failure as soon as the problem becomes ev-
ident. It must then attempt to renegotiate its commit-
ment, either by finding another agent that will take it
on, or by making a revised commitment. The agent can
then develop a record of the reliability of the various
agencies and build this into its negotiating strategy. The
process of negotiation is not as well founded in con-
versation theory as request and response exchanges,
because there are many more conditions that may ap-
ply. In the case of the INCA project these are simpli-
fied somewhat as it can be expected that all agents will
use their best endeavours to meet all commitments that
they enter into. This simplifies the analysis, without
losing too much generality.

A major advantage of this approach is that the Home
Unit (and sensors attached to it) can provide a range
of services, rather than just one, as in the case of a
Home Alarm or simple monitoring unit. Services can
be added, modified and removed as required, provid-
ing a very high level of flexibility so that the changing
requirements of the client can be met in the most ef-
fective manner. This flexibility also extends to the vari-
ous care agents who may be linked through their exist-
ing command and control systems or through special
mobile agents or both, depending on their position and
current status. This approach follows that outlined by
Beer et al. [3].

2.1. The problem area addressed

While community care covers a wide range of activ-
ities, five basic scenarios are considered in this chap-
ter, chosen to illustrate the effectiveness of the agent-
based approach in developing a fully cooperative envi-
ronment for providing the care required:

1. The development and updating of an Individual
Care Plan. Care Planning is the specification of a
package of care services according to an assess-
ment of the needs of the individual.
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2. The provision of routine care as specified by the
Individual Care Plan and provided to an individ-
ual on a routine basis to support day-to-day liv-
ing.

3. The provision of positive care to maintain and en-
hance the quality of life.

4. Emergency support in response to some unex-
pected event, such as an accident or medical
emergency.

5. The monitoring of the delivery of care to ensure
that it is delivered as specified by the Individual
Care Plan.

A number of organisations and individuals play a part
in these activities. They can be grouped effectively into
groups of actors, as shown in Table 1. The interactions
between these actors can then be shown in the form of
Use Case diagrams.

2.1.1. Developing an Individual Care Plan
Before care can be provided effectively, the care co-

ordinator has to assess need, and develop an individ-
ual care plan that meets the Older persons require-
ments. This can be quite difficult, particularly with the
severely disabled or those with dementia. If assessment
is undertaken at an assessment centre it ignores the
specific circumstances and problems that occur in the
home environment. However observation of a person
in their own home requires considerable resources if an
effective result is to be achieved. The monitoring facil-
ities of the INCA system are a potentially invaluable
source of information for such purposes.

The stages in doing this are shown in Fig. 1.

2.1.2. Positive care
Once the Individual Care plan has been prepared,

it has to be delivered. In general, Professional Care
Providers actually deliver the care. Informal carers are
however extremely important in providing help and
support, and need to be fully integrated into the care
delivery system. Quality of life (or positive care) aims
to improve the psychological and social well being of
the Older Person. The INCA system facilitates this by:

– Enhancing social interaction between the client,
informal carers and care providers.

– Providing information about activities and oppor-
tunities for leisure. These are actively filtered to
give up-to-date and accurate information that is
relevant to their needs.

Figure 2 shows the interactions involved in informing
all concerned of the care required at any time.

Table 1

The actors

Name Description

Care co-ordinator The agency responsible for providing the
range of services necessary to ensure that
the Older person is properly cared for. The
Care co-ordinator is responsible for prepar-
ing a Care plan and for monitoring its effec-
tiveness in meeting the needs of the Older
person. This is often the Local Authority or
some other official body with a legal duty to
provide the necessary care.

Care provider The various agencies and individuals re-
sponsible for providing the care specified by
the Individual Care Plan. This will include
Social Workers, Health Care Professionals,
Care Assistants, Emergency Services, So-
cial Services etc. who can provide an ex-
tremely wide range of care services, if re-
quired.

Informal carer The various relatives, friends, neighbours
etc. who provide some form of support and
assistance in an informal way (i.e. outside
the Individual Care Plan). This is often es-
sential to allow the Older person to remain
living at home. This is often flexible and
responsive and can range from totally un-
structured and so not recognised at all in the
Individual Care Plan through to fully recog-
nised and integrated with the efforts of the
professional carers.

Older person The person who lives in their own dwelling
(either an ordinary house or a sheltered
home) and who receives a package of com-
munity care services. This package may
range from very minimal interventions,
such as social alarm systems, through to
an intensive mix of community support ser-
vices.

The actual delivery of routine care has to be fully
monitored against the Individual Care Plan. The ob-
jective is to provide the assistance necessary to make
up for the disabilities of the individual, such as help
with eating, washing, assistance with bodily functions
and getting in and out of bed. The main problem with
existing systems is the lack of responsiveness of the
services providing it. In high quality residential set-
tings this kind of care is delivered whenever the per-
son requires it. In a community setting, this care is usu-
ally provided on a very rigid schedule unless informal
carers are willing to take on a very large burden. The
INCA system is designed to enhance the responsive-
ness of the service by:
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Fig. 1. Individual Care Plan Development Use Case.

Fig. 2. Routine Care Use Case.
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Fig. 3. Emergency Support Use Case.

– Allowing users to request care directly from care
providers and co-ordinators.

– Providing users with better information about
care schedules, such as when a care provider will
arrive, and also delays and changes to schedules
at the earliest possible opportunity.

– Monitoring very disabled people (such as people
with dementia) in order to fit care interventions
more closely to their patterns of daily activity.

Figure 3 shows the interactions involved.

2.1.3. Care management
Once the Individual Care Plan has been prepared,

the requirements of the Care recipient have to be con-
tinually monitored so that the plan can be updated as
necessary and the requisite level of care continues to be
provided. The Care Co-ordinator, as shown in Fig. 5,
undertakes this activity. Key to the INCA concept is
that the Care Plan should be dynamically updated to
meet current needs, rather than simply designed to
meet those identified at the original assessment. The
key to this is the ability of the system to continuously
monitor both requirements and service delivery. It is
also important to ensure that all the care specified in the
Individual Care Plan is actually delivered to acceptable
standards, at the appropriate time and in the right place.
Monitoring is problematic in the community context,
as direct supervision of care staff is almost impossi-

ble. The INCA system facilitates effective monitoring
in two ways:

– Care providers log their interventions directly into
the system at each visit. These can then be com-
pared directly with the contents of the Individ-
ual Care Plan. Any deviations can then be inves-
tigated and either the Individual Care Plan can be
updated or other appropriate action undertaken.

– Complaints procedures can be based on direct
communication to the Care co-ordinator, improv-
ing monitoring and responsiveness. The logs can
be used to compare actual interventions with
those specified in the Individual Care Plan which
is then updated to take into account the new infor-
mation.

Figure 4 shows the interaction involved in Quality As-
surance procedures.

2.1.4. Monitoring the Individual Care Plan
It is also important to ensure that all the care speci-

fied in the Individual Care Plan is actually delivered to
acceptable standards, at the appropriate time and in the
right place. Figure 5 shows the interaction involved in
Quality Assurance procedures.

Once the facilities required for supporting commu-
nity care have been provided, they can be used with
little or no additional hardware to provide other useful
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Fig. 4. Quality Assurance Use Case.

Fig. 5. Preparing and updating the Individual Care Plan.

services. For example, if it were programmed to act as
a burglar alarm when the house is empty, it would ask
the facilitator for a different service mediator which
handles burglar alerts, and a different set of responses
would be triggered, that would be appropriate to that
situation. This would be implemented by activating a
different set of conversation classes, with their own

guard, post and completion conditions. In this way, the
operation of the burglar alarm service can be kept sep-
arate and independent from the community alarm ser-
vices. Only the requirements of the various commu-
nity alarm services are considered here, as these need
to be kept independent from each other, and additional
services are simply extensions of the architecture pro-
posed.

3. The design of the conversation classes

The previous section shows that a wide range of ac-
tivities can be supported effectively by the INCA sys-
tem. Traditional database design techniques have diffi-
culties with this richness, as each scenario contains ac-
tors with the same roles performing differently depend-
ing on their beliefs and intentions within that scenario.
Agent approaches are specifically intended to address
these issues. This can be illustrated effectively by con-
sidering the management of communication for deal-
ing with emergencies.

An alarm condition is raised only when the home
unit detects sensor readings outside the normal range.
A similar architecture has been reported elsewhere [10]
except that the raw data is uploaded to a central server
for processing, and that server raises the alarm con-
dition when it considers it necessary. Such an archi-
tecture requires a different response mechanism than
our own, where a facilitator is contacted to obtain the
address of a suitable service mediator, which is then
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alerted. This mediator routes the alert to a suitable ser-
vice provider after adding additional information from
the service database. The service provider’s mediator
determines the appropriate course of action and noti-
fies the necessary carer, possibly via further mediators.
This allows considerable additional flexibility, as for
example, a Warden may only be available during cer-
tain hours, on certain days of the week. A mediator can
ensure that all alerts are appropriately routed to obtain
an immediate response.

One of the main features of the work described is the
specification of the conversational abilities of agents.
In line with KQML [14], the conversational abilities
of an agent will be determined by a set of speech acts,
which that agent can perform, and a set of speech acts
to which it can respond.Speech acts are used here in
the familiar way, deriving from Searle [18]. A speech
act comprises aperformative, indicating the illocution-
ary and intended perlocutionary force of the act, to-
gether with anargument, typically a proposition.

The semantics for the speech acts are provided as
follows, following Labrou:

– a set of pre-conditions for the performance of the
act,

– a set of post-conditions to be enforced immedi-
ately on performance of the act, and

– a set of completion conditions which are to ap-
ply when all the intentions associated with the act
have been finally satisfied.

This means that the completion conditions may be
achieved at some time after the communication being
described has taken place, after some further conversa-
tion has occurred. This means that conditions or acts
with such conditions can provide a context for later
utterances. Performatives provide the building blocks
for conversations between agents. However, for con-
versations to take place, they must be co-ordinated in
a way appropriate to the particular conversation. Bar-
buceanu et al. [1] show the necessity for this level of
coordination. In that paper, conversations are specified
by using state transition diagrams, but greater unifor-
mity can be achieved by extending Labrou’s method
and representing the conversation rules as additional
pre-conditions, post-conditions and completion condi-
tions on the speech acts they use. Experimental use of
this approach has been reported in [4], which describes
the specification of conversation rules for several dia-
logue games. Thus far the performatives are specified
in a way that is neutral between the agents that per-
form and respond to them. In our particular applica-

tion, however, there is a need to customise the act to
particular agents. It is essential for confidentiality rea-
sons that an agent should be required to respond to
questions from some particular class of agents only un-
der particular conditions. Such constraints can be in-
cluded uniformly in the specification above by includ-
ing pre and post conditions local to individual agents
expressing heuristics and policies. For example:

– Personal information must only be provided to
those involved in the provision of care to that in-
dividual and then only when it is required in the
provision of that care.

– Communication between agents that is only rel-
evant to those agents must be handled appropri-
ately. Examples of this would be messages be-
tween the Care co-ordinator and the Older person
to check the level of care being provided. Another
example would be where the care Co-ordinator is
scheduling the carer. This will usually involve in-
formation about a number of Older people that the
carer is scheduled to visit.

The basic mechanism for the home unit to communi-
cate with service providers is shown as a transition di-
agram in Fig. 6. This shows the actions required sum-
moning assistance. The actual service provider sum-
moned depends on a number of factors:

– The type and severity of the problem.
– The service providers able and willing to respond.
– The anticipated speed of that response.
– The cost of that response in relation to the per-

ceived need.

The first is initially controlled by the guard conditions
on the conversation class [8] and is determined by in-
formation local to the Home Unit (the reason for the
alarm, whether the home is occupied or unoccupied
etc.). Decisions based on the service providers ability
or willingness to respond require much more general
knowledge than is available to the mediator, which can
negotiate with a number of service providers to deter-
mine whether one or more can respond in an appropri-
ate way within a reasonable time. If a service provider
is able to do so, then the mediator accepts the most
appropriate offer, rejecting all others, and informs the
Home Unit. In certain cases no single service provider
would be appropriate. If, for example, a serious med-
ical emergency was detected and an ambulance would
arrive only after some time, the mediator would en-
sure that a carer closer to the scene was also called
and would look after the client until help arrived. This
would require several sets of negotiations and many in-
teractions before a satisfactory result was achieved.
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Fig. 6. The Basic Response Conversation Class.

4. The benefits of using agents for INCA

The integration of existing care systems facilitates
the integration of a wide range of existing data-
bases, knowledge based and control system programs.
Agent technologies enable acontrolled degree of co-
operative activity between these independent compo-
nents. They arecontrolled in the sense that each com-
ponent within the system be it an organization or infor-
mation store need only communicate the information
required by the system. There should be no require-
ment to open additional information required for own
purposes. Therefore, taking an agent-based approach it
is possible for the organizations involved in the provi-
sion of care to communicate effectively yet securely,
plus have access to much needed information. All of
which will lead to a more managed and effective ap-
proach to care provision thus providing an increased
speed of service and the elimination of unnecessary du-
plication of resources.

In the past a barrier to coordinated community care
has been the incompatibility of the independent agen-
cies systems and procedures. Agent-based methodolo-
gies like INCA enable heterogeneous systems to func-
tion together effectively in many different configura-
tions. Thus agent technologies provide the means to in-
tegrate the different health care agency systems regard-
less of organizational structure and provide the means
for the various agencies to interface on a common do-
main level.

Within the scope of the term agent technologies falls
a wide range of different agent typologies, for example
agents may be information agents, reactive agents or
collaborative agents. In the context of the INCA archi-
tecture, the agents within the system are collaborative
agents.

The collaborative nature of an agent places an
emphasis on autonomy and co-operation with other
agents.

– Autonomy means that agents have the ability to
act without the need for human invention and
guidance. They are able to achieve goals on behalf
of the user and the system in a pro-active man-
ner rather than a re-active manner. In other words,
agents are able to take the initiative.

– Co-operation means that agents are able to co-
operate with other agents within the architecture
in order to achieve domain goals.

The rationale for constructing an architecture of col-
laborative agents is that numerous collaborative agents
provide solutions to inherently distributed problems
and are suited to solving problems that are too large for
a single centralised agent. Collaborative agents negoti-
ate with the other agents within the system thus organ-
ising and accomplishing complex goals and tasks that
are often beyond the capabilities of a single agent.

It will be seen that the INCA architecture enhances
the co-ordination between the various health care agen-
cies by enabling the agents within the system con-



188 M. Beer et al. / An agent-based architecture for community care

trolled access to the information sources incorporated
within the INCA domain. That is, it is essential that
the agents within the INCA architecture can interface
with the existing agency information sources, includ-
ing sources such as databases, log files and knowledge
bases.

In order to facilitate effective co-ordination, it is nec-
essary to allow the agent within the architecture to read
and write domain information to and from the appro-
priate organizational information source. This can be
achieved by the use of data wrappers, which provide
an interface between agent and information source.
Data wrappers enable the agents to query (read) in-
formation, by translating agent requests constructed
in the communication protocol of the INCA domain
into a form that is understood by the agency’s own in-
formation system. For example an agent request may
be translated into a SQL statement that can be exe-
cuted against an organizational database. In the same
manner, the responses (provided by said information
sources) to agent requests are translated or mapped
back into the agent communication protocol of the
INCA domain.

5. Constructing the demonstrator

Agent based applications can be complex and cur-
rent levels of agent-related software engineering is
rather immature. Ciancarini and Wooldridge [5] have
proposed several frameworks, although none are satis-

factory for developing complicated agent applications.
UML was chosen to model the conversation classes,
and based on the work by Bauer et al. [2], this was
deemed to be suitable also for modelling the proto-
type. This approach yielded the collaboration diagram
as shown in Fig. 7.

To fully represent an integrated health care sys-
tem, various health care resources should be included
within the implementation, and the prototype demon-
strator reflected this. Health care is managed by a care
co-ordinator, acquiring resources and services from
a range of autonomous actors (agencies). These re-
sources and services are then consumed by the com-
munity care recipients.

Once the problem domain had been identified, a de-
tailed design for the INCA prototype could be speci-
fied.

5.1. Design of the user interface

Further to the interface design expounded by the
ZEUS toolkits developers [16], the following com-
ponents of the design were deemed essential for the
demonstrator:

– Buttons to simplify common functions such as
requesting care to construct an Individual Care
Plan, and to initiate requests for agents to organise
services and information.

– Visibility of communication between agents, il-
lustrating the extent of conversations during ne-
gotiation.

Fig. 7. Collaboration diagram for the INCA system.



M. Beer et al. / An agent-based architecture for community care 189

– Input areas to receive text-based messages for the
purposes of either entering or retrieving informa-
tion.

A sample of the interface for the home unit is shown in
Fig. 8. Messages passed between agents are displayed
in the main portion of the window, with button controls
for specific functions placed underneath. Requests for
assistance can be initiated by pressing the Send Alert
button. Care is then provided in relation to the Individ-
ual Care Plan, plus the agents current knowledge.

Communication with the Care Coordinator agent is
provided via the Enter Message button, allowing de-
scriptive text to be entered into the system.

5.2. Realising the agents

The process of realising the agent based demonstra-
tor was similar to that used during the design process,
and was achieved using the Zeus Agent Generator tool
in the following manner:

Ontology Creation: The first step was to represent
the INCA domain ontology, that is, the health
care resources that are produced and consumed
by the agents within the system. Communica-
tion between agents requires a common lan-
guage and a shared representation of domain
concepts, characterising the resources that are
utilised within an agent system. Using the ZEUS
Ontology Editor, these resources are represented
as facts.

Fig. 8. The user interface for the Older Person.

Task Agent Creation: The agents main task is identi-
fied, named and entered into agent creation ed-
itors. In the case of the INCA system, a do-
main level task would be to acquire health care
services and resources required by the client as
specified in an Individual Care Plan. A suitable
name for this task would be Request Care.

Task Configuration: Details of the agent domain
tasks, such as any task preconditions, their ef-
fects, costs incurred, task duration and any con-
straining factors defined during the design stage
are entered into the ZEUS Task Editor. For the
Request Care task, such preconditions would be
the health care resources and services required in
order to produce an Individual Care Plan (itself
represented by a ZEUS fact).

Utility Agent Configuration : Support for INCAs in-
frastructure is provided by Utility agents, speci-
fied within the ZEUS Code Generation Editor.

Task Agent Configuration: Details of connections to
external data sources (an Access database for the
INCA demonstrator), together with details of in-
teractions with external programs, are specified
for the task agents using the ZEUS Code Gener-
ation Editor.

Agent Implementation: Once the above stages are
complete, Java source code is automatically gen-
erated by the ZEUS Code Generator. The coop-
erative and collaborative functionality for each
agent is implemented using Java code, permit-
ting the necessary social interaction required.

Upon completion of the social/agent level Java code,
the developer must implement code for activation of
tasks, any external GUI programs, and external re-
source connectivity.

5.3. The structure of the demonstrator

The current demonstrator uses mediator agents to
simplify communication and allow structured commu-
nication with the large number of home units likely
to be deployed. Figure 9 shows how the agents inter-
act. It will be noted that this follows through from the
design of the Basic Conversation Class (Fig. 6). The
“Call Centre” and “Emergency Response” agents act
as mediators that route messages based on the infor-
mation given, with reference to Individual Care Plan
that is managed by the “Care Coordinator” agent. This
separates out the response management from the in-
dividual care provider’s management infrastructure. It
therefore shows how it is possible to integrate disparate
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Fig. 9. The structure of the current demonstrator.

data sources as part of an overall agent-based system.
Each Care Provider is modelled individually, based on
the services that they are committed to provide. This
means that for example a Community Care Provider
will deliver different services from a Medical Centre
or the Emergency Services. Some require access to the
Individual Care Plan as they are contractually bound to
it, while others, such as the Emergency Services pro-
vide a general service to the whole community, and so
do not need to negotiate further.

Current work is looking to integrate the INCA archi-
tecture with parallel work on agent systems to manage
the provision of general medical care and hospital ser-
vices. We are also developing mobile agents to provide
more information to Informal Carers who have tradi-
tionally been provided with only very limited support.

6. Conclusions

Agent-oriented applications such as INCA unveil
a tremendous range of challenges and opportunities
to create more flexible distributed cooperative work-

ing environments by fully utilising agent capabilities
and responsibilities, allowing us to open our minds to
the possibilities offered by more powerful visions of
agent-based community care systems and develop new
models of care services. The use of a collaborative
agent architecture outlined in this paper illustrates how
agent cooperation could potentially be used to integrate
health and social care systems. The research carried out
had the following key outcomes:

– the effective implementation of an agent negotia-
tion component within the INCA system demon-
strates the practical feasibility of the approach and
current techniques and tools,

– the ZEUS agent building toolkit has also shown
that agent-based applications can be rapidly de-
veloped from initial analysis through to a working
prototype. Although the demonstrator required
the original, theoretical architecture to be com-
promised considerably to meet the requirements
of the toolkit methodology, the development was
extremely rapid and a fully functional first proto-
type was produced within four months,
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– the research demonstrated that agent-based tech-
nologies could mediate distributed demand and
supply issues within an integrated domain space,
whilst keeping the actors and agencies (within
the domain) independent, with full recognition of
each actor’s autonomy. Integrating external data
sources by the use of wrappers enabled the INCA
demonstrator to fully integrate a variety of sys-
tems effectively,

– the demonstrator showed that it is feasible to in-
tegrate disparate data sources within an overall
agent-based system, especially those associated
with the various health care organisations which
were successfully incorporated within the INCA
domain.

The INCA system could be extended to incorporate
informal health care providers (such as friends, fam-
ily and neighbours) and to provide better communica-
tion channels between the actors, agencies and organi-
zations integrated within the INCA domain. There are
significant opportunities to implement such services
using WAP mobile telephones or handheld computers
using mobile agent frameworks. These communication
devices present opportunities to improve communica-
tions capabilities to both care workers in the field, and
to those who are currently excluded from the formal
structures, such as the informal careers. The current
state of agent communications technology has required
that significant compromises be made in the commu-
nications infrastructure. In particular, the negotiation
of prices, and mechanism for authorizing payment for
emergency care is quite primitive, being based on a
simple auction model. This is an area that urgently
needs further analysis, so that proper business-based
protocols can be developed. The issue here is that the
party requesting and authorizing the necessary care is
not that which will eventually pay for it. This is com-
mon in business transactions but has not been fully de-
veloped within the agent literature, as yet.

A major aspect of the demonstrator is the inclusion
of a means to formally represent the informal carers
within the INCA domain. Informal carers make con-
siderable contributions to the support of older, frail
and disabled people living at home. Considerable im-
provements in the effectiveness of services could be
achieved if the informal and formal health and social
care sectors could be integrated. Agent technology pro-
vides the means by which the inherent relative unrelia-
bility of actors within the informal sector can be mod-
elled effectively without having to supply each with
expensive and difficult to use computing interfaces. As

the informal carer supplies health care resources (and
as such represents a generic care provider) theInformal
Carer agent could replace any of theCare Provider
agents within the current supply chain.
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