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Abstract. In this paper we introduce the main issues related to the
deployment of agent-based systems in health care. First, we comment on
the characteristics of health care problems and we argue that multi-agent
systems are a good choice to tackle problems with these features. This be-
lief is supported with a number of exemplar applications of agent-based
systems in medical domains. We also discuss several lines of research
that have to be covered before multi-agent systems can be successfully
deployed in real health care settings. We conclude that multi-agent sys-
tems do have an increasingly important role to play in health care do-
mains, because they significantly enhance our ability to model, design
and build complex, distributed health care software systems.

1 Introduction

Health care at all levels - local, regional, national and international - is a vast
open environment characterized by shared and distributed decision making and
management of care, requiring the communication of complex and diverse forms
of information between a variety of clinical and other settings, as well as the
coordination between groups of health care professionals with very different skills
and roles. It is the aim of health care software systems to operate effectively in
this environment, in order to meet the information needs of patients and health
care providers. Practitioners in health care environments, in particular, require
that the information is both timely and error-free, such that recommendations
or decisions offered by the software systems are secure and trustworthy [1].
There is a growing interest in the application of agent-based techniques [2],
[3] to problems in the medical domainl. In this paper we explain which are
the characteristics of the problems in this area, and we argue that multi-agent
systems are indeed an interesting tool to solve them, since the usual properties of
intelligent agents match quite precisely with our needs in this field (basically with
the requirement of having autonomous intelligent proactive collaborative entities
in a distributed environment). This volume is another empirical confirmation of
this claim, since it presents an extensive list of agent-based systems that are being
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developed across Europe to solve a wide range of problems in health care (from
the management of organ and tissue transplants to the provision of personalised
access to medical information to diabetic patients). All these systems are being
developed by the members of the AgentCities. NET Working Group on Health
Care Applications (7).

Despite the adequacy of multi-agent systems in the building of health care
systems, it must be stressed that there are still many research topics that have to
be thoroughly studied before multi-agent systems may be successfully deployed
in real health care settings. Section 3 offers a summary of the main current
research and development topics relevant to the application of agents to health
care.

2 Agent-Based Systems in Health Care

2.1 Agents and Multi-Agent Systems

An agent is a software entity that applies Artificial Intelligence techniques to
choose the best set of actions to perform in order to reach a goal specified by
the user. It is normally assumed that they have the following properties:

— They can react timely and flexibly to the dynamic and unexpected changes
in their environment.

— They have an autonomous and independent behaviour, which is not con-
trolled by any external entity.

— They can take the initiative and perform proactively actions that may help
them to reach their goals.

— They can communicate with users or other agents. Thus, they can exchange
information, engage in complex negotiations, and coordinate their activities
to cooperate in the joint resolution of a problem.

— Agents usually have reasoning, planning and learning capabilities that allow
them to display an intelligent behaviour.

A multi-agent system [2], [3] might be defined as a collection of autonomous
agents that communicate between themselves to coordinate their activities in
order to be able to solve collectively a problem that could not be tackled by any
agent individually. In recent years it has been argued that multi-agent systems
may be considered as the latest software engineering paradigm (8], [9]- This kind
of system may be used in domains with the following features:

— The knowledge required to solve the problem is spatially distributed in dif-
ferent locations.

— Several entities, while keeping their autonomous behaviour, have to join their
problem-solving abilities to be able to solve a complex problem.

~ The problems in the domain may be decomposed in different sub-problems,
even if they have some kind of inter-dependencies.
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2.2 Characteristics of Problems in the Health Care Domain

It is interesting to note that many problems that appear in health care share
a number of similarities. Noting these similarities is a good first step towards
finding a framework that may be used to approach most of these problems.
Among the most important characteristics of problems in the medical field we
can cite the following:

— It is very usual that the knowledge required to solve a problem is spatially dis-
tributed in different locations. For instance, the problem of patient schedul-
ing (10, 11, 12] consists in scheduling the different tasks to be performed on
a hospitalised patient (e.g. a number of different analysis and tests). Nor-
mally, each unit of the hospital keeps its own information about the patients
hospitalised in that unit and about the schedule of the activities with the
unit’s equipment. There are units that provide services to all the other units
of the hospital, such as X-rays or blood tests. It is not trivial to coordinate
the schedule of different tests to be performed in different units, especially
if, apart from the temporal restrictions derived from the separate location of
different units, there are also medical restrictions among the tests (e.g. one
test has to be performed at least two hours after another test).

— The solution of a problem involves the coordination of the effort of different
individuals with different skills and functions, usually without the supervi-
sion of a single centralised coordinator. The provision of health care typically
involves a number of individuals - inpatients, outpatients, physicians, nurses,
carers, social workers, managers, receptionists, etc. - located in many differ-
ent places. Patients could be at home, at work, in hospital, or on vacation,
while the health care providers are often at a number of institutions or lo-
cations within institutions, providing services such as diagnosis, treatment,
surgery, laboratory testing, radiography, and so on. All these people must
coordinate their activities to provide the best possible treatment to the pa-
tient.

— Health care problems are quite complex, and finding standard software engi-
neering solutions for them is not straightforward. For instance, coordinating
the process of organ transplant in a country is not an easy task [13]. When a
new organ is available, it is necessary to find very quickly the most appropri-
ate receptor of the organ, which may be located in a medical centre hundreds
of miles away from the donor's location. Furthermore, as commented above,
each hospital keeps the data of the patients of that hospital who are in the
waiting list for a certain type of organ. It would be quite difficult to design
and implement a centralised complex system (e.g. a standard decision aid
expert system) to solve this coordination problem.

— In the last few years there has been a shift in health care practice towards
health care promotion, shared patient-provider decision-making and man-
aged care, creating an increased demand for information and online services
(14, 15]. The shared decisions and actions of all concerned need to be co-
ordinated to make sure that the care is efficient and effective. To facilitate



this decision-making task, and to ensure the communication and coordina-
tion processes run smoothly, software systemns are needed that will reduce
errors in diagnosis and treatment, deliver health care to remote locations,
improve medical training and education, and make health care information
more accessible to patients, their families and carers, alike. To meet these
needs the software systems must be proactive in anticipating the informa-
tion and knowledge needs of users and deliver it in a timely manner, support
synchronous and asynchronous communication, and facilitate collaborative
decision making between the various individuals involved in the process of
managing and delivering health care services.

There is a great amount of medical knowledge available on the Internet. It
is necessary to provide ways of accessing the most relevant information as
easily, flexibly and timely as possible. This access to medical information is
necessary both for medical practitioners and for patients. In the former case,
they have to be aware of all the new medicines, techniques and treatments
appearing in their field of expertise; however, most practitioners lack the time
to search for all this information and filter the one they need exactly. In the
latter, citizens demand a more active role in the management of their care,
and they want to find relevant information as easily as possible (but they
usually lack the skills to search for the most adequate knowledge relevant
to their specific personal needs). In both cases it is important to receive
appropriate information from useful and reliable sources in a proactive way,
without having to devote time and effort to look for, analyse, evaluate and

filter it.

2.3 Adequacy of Agent-Based Systems to Health Care Problems

We would like to argue in this paper that multi-agent systems offer an appro-
priate tool to tackle this kind of problems. Some reasons to support this claim
are the following:

— The components of a multi-agent system may be running in different ma-
chines, located in many different places. Each of the agents may keep part
of the knowledge required to solve the problem, such as patient records
held in different departments within a hospital or in several hospitals, clin-
ics and surgeries, in an insurance company, or in government organisations.
Therefore, multi-agent systems offer a natural way of attacking inherently
distributed problems.

— One of the main properties of an intelligent agent is sociability. Agents are
able to communicate between themselves, using some kind of agent commu-
nication language, in order to exchange any kind of information. In that way
they can engage in complex dialogues, in which they can negotiate, coordi-
nate their actions and collaborate in the solution of a problem (e.g. different

111;1it,s c])f a hospital may collaborate in the process of patient scheduling {10,
, 12].
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— When a problem is too complex to be solved in a single system, it is usual to
decompose it in subproblems (which will probably not be totally independent
of each other). In multi-agent systems there are techniques of distributed
problem solving [16], in which a group of agents may dynamically discuss how
to partition a problem, how to distribute the different subtasks to be solved
among them, how to exchange information to solve possible dependences
between partial solutions, and how to combine the partial results into the
solution of the original problem. Thus, multi-agent systems can handle the
complexity of solutions through decomposition, modelling and organising the
interrelationships between components.

— Agents can also be used to provide information to doctors and patients.
There are information agents (also called Internet agents, [17], that are spe-
cialised in retrieving information from different sources, analysing the ob-
tained data, selecting the information in which a user is especially interested,
filtering redundant or irrelevant information, and presenting it to the user
with an interface adapted to the user’s preferences.

— Another important property of agents is their proactivity; their ability to
perform tasks that may be beneficial for the user, even if he/she has not
explicitly demanded those tasks to be executed. Using this property they
may find relevant information and show it to the user before he/she has to
request it. For instance, if it knows that the user has had heart problems
in the past and might need this information urgently, a personal agent that
also knows that the user is about to travel abroad could look for information
about the medical centres in the towns to be visited that have a cardiology
department.

— The basic characteristic of an intelligent agent is its autonomy. Each agent
takes its own decisions, based on its internal state and the information that
it receives from the environment. Therefore, agents offer an ideal paradigm
to implement systems in which each component models the behaviour of a
separate entity, that wants to keep its autonomy and independence from the
rest of the system (e.g. each unit of the hospital may keep its private data, or
each hospital may use a different policy to rank the patients that are waiting
for an organ transplant).

Thus, we think that the basic properties of intelligent agents (autonomy, proac-
tivity, social ability) and the features of multi-agent systems (management of
distributed information, communication and coordination between separate au-
tonomous entities) suggest that they offer a good option to consider when trying
to solve problems in health care domains.

2.4 Fields of Application within Health Care

Intelligent agents have already been proposed to deal with many different kinds
of problems in the health care domain (see [4], [5], (6], 7] and the rest of the
chapters of this volume). Just to give a short list of examples, some of the fields
in which they are already being applied are the following:



— Patient scheduling: in patient appointment scheduling, where medical pro-
cedures have become more complex and their tests and treatments more
interrelated, manual and traditional software solutions have been shown to
be inadequate while a multi-agent solution gave significantly improved re-
sults {10, 11, 12}. The complexities of medical appointment scheduling have
been successfully formalised and implemented in an agent framework [18].

— Organ and tissue transplant management: the agent-based coordination of
tissue or organ transplants across a hospital [19, 20, 21] could provide sig-
nificant improvements in the time required to pull together the resources
required for a transplant operation. This approach could also be feasible at
a regional level where each hospital has a list of waiting patients, and when
an organ is available somewhere in the region, the hospital transplant coor-
dinators must get in touch and quickly find the most appropriate recipient
[13].

— Community care: coordinating all the activities that have to be performed
in order to provide an efficient health care to the citizens of a community
(especially older or disabled citizens). Agents can provide remote care mon-
itoring and information for such groups as the elderly and chronically ill.
There is an elderly care management system [22] in which one agent is asso-
ciated with each elderly person that is responsible for receiving medical data,
giving reminders to the person, and alerting the medical centre if something
Is wrong.

— Information access: the deluge of medical information available on the Inter-
net has led to the development of information agents to collect and organise
this information, such as the Multi-Agent Retrieval Vagabond on Informa-
tion Networks (MARVIN) [23], developed by the Health On the Net Founda-
tion and the Swiss Institute of Bioinformatics, or a multi-agent system that
helps to manage the UK National Electronic Library for Communicable Dis-
eases [24]. An information agent, based on a user profile, has proactively
performed the role of locating, assessing, retrieving, filtering and presenting
information from many distributed sources on a periodic basis [25]. An intel-
ligent user interface to adapt to a clinicians requirements, specialism and the
characteristics of diabetic patients whose records are being accessed uses a
multi-agent framework to coordinate these possibly conflicting requirements
[26]. It has also been implemented a multi-agent system that provides mobile
users with information about the medical centres or the doctors available in
a particular town, and that lets the user access his/her medical record or
book a visit to be examined by a doctor [27).

— Decision support systems: A distributed decision support system based on
the multi-agent paradigm can monitor the status of a hospitalised patient
and help to diagnose the state of the patient (28], or support co-operative
medical decision- making [29], [30].

— Training: agents can help to improve medical training and education in
distance- learning tutoring systems [31).

— Internal hospital tasks: Patient information retrieval and workflow manage-
ment using agent communication techniques and medical ontologies is being
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applied to the management of patients suffering from stroke (32, 33]. A coop-
erative multi- agent framework can support the heterogeneous transaction
workflow process among the people involved in patient care management
[34]). Multi-agent systems have also been suggested for monitoring the ap-
plication of medical protocols [35], or controlling the usage of restricted use
antibiotics [36).

— Senior citizen care: a group of special interest for the application of agent-
based systems are the senior and the disabled citizens, to whom this technol-
ogy could be useful to help to increase their ability to lead an independent
life. Those agent systems have to be devised to provide aid in carrying out
activities of daily living, and health care maintenance. In addition, they will
provide links to the outside world, including entertainment and information,
and will facilitate communication with family and the environment. Their
functions may include standardised behavioural assessments useful in med-
ical monitoring. These kinds of tools may be used to facilitate the health
care and social interaction of senior citizens person, and may delay their
institutionalisation by prolonging the period of relative independence [37].
A European IST project, TeleCARE, aims to design and develop a config-
urable agent-based framework for virtual communities focused on supporting
assistance to elderly people employing tele-supervision and tele- assistance
(38].

3 Research and Development Challenges

There are several issues that must be addressed if multi-agent systems are to be
successfully deployed in real world health care applications. A discussion of the
most significant of these follows.

3.1 Communication standards

Health care systems are complex, diverse and dispersed. Consequently, the de-
velopment, dissemination and utilization of common communication standards,
vocabularies and ontologies are and will be central to the development of multi-
agent systems in health care. In the main, communication standards (sometimes
called specifications or protocols) already exist. For some time the EU and US
standardization bodies for health care information and communications technol-
ogy have been overseeing the development of communications standards. The
EUs CEN/TC 251 [39] aim is to achieve compatibility and interoperability be-
tween independent systems, to support clinical and administrative procedures,
technical methods to support interoperable systems as well as requirements re-
garding safety, security and quality. The two most well known US standard-
ization bodies, the American Society for Testing and Materials Committee on
Healthcare Informatics (ASTM E31) [40] and Health Level Seven (HL7) [41],
are involved in similar work. ASTM E31 is developing standards related to the



architecture, content, storage, security, confidentiality, functionality, and com-
munication of information. HL7 is mainly concerned with protocol specifications
for application level communications among health data acquisition, process-
ing, and handling systems. Its scope is wide in that it attempts meet the com-
munication requirements of entire health care organisations, while most other
efforts focus on the requirements of a particular department, whereas most stan-
dards organisations produce standards for a particular healthcare domain such
as pharmacy, medical devices, imaging or insurance (claims processing) transac-
tions. HL7s domain is clinical and administrative data. ”Level Seven” refers to
the highest level of the International Standards Organisation’s communications
model for Open Systems Interconnection. HL7 defines the data to be exchanged,
the timing of the interchange, and the communication of certain errors to the
application. The seventh level supports such functions as security checks, partic-
ipant identification, availability checks, exchange mechanism negotiations and,
most importantly, data exchange structuring.

3.2 Ontologies

Ontologies are being developed specifically for health care applications. The
best known examples are GALEN [42], the Unified Medical Language System
(UMLS) [43], Systematized Nomenclature of Human and Veterinary Medicine
(SNOMED) [44]. The aim of GALEN is to produce a computer-based multi-
lingual coding system for medicine. The GALEN Programme is developing a
clinical terminology - the GALEN Common Reference Model for medical con-
cepts. The medical concepts represented can be represented using a scheme that
can both be manipulated by computers and accessible to health care profession-
als. The representation scheme that is being used to build the GALEN Common
Reference Model is known as GRAIL - the GALEN Representation And Integra-
tion Language. It is intended for use by clinical application builders, both when
developing clinical applications, and as a run- time resource when those appli-
cations are in service. The U.S. National Library of Medicine (NLM)’s UMLS
project develops and distributes multi-purpose, electronic "Knowledge Sources”
and associated lexical programs, for use in the development of systems concerned
with patient records, digital libraries, Web and bibliographic retrieval, natural
language processing, and decision support. The UMLS project is a long-term
NLM research and development effort designed to facilitate the retrieval and
integration of information from multiple machine-readable biomedical informa-
tion sources. Major barriers to effective retrieval and integration of information
from these sources include the variety of vocabularies and classifications used in
different sources and by different users and the sheer number and wide distribu-
tion of potentially relevant information sources. These barriers deter health care
professionals and researchers from using available machine-readable information
and also hamper the development of effective search interfaces that might assist
these users. The UMLS is a relational database connecting by concept over 60
vocabularies, thesauri, medical problem lists, etc. Its purpose is to make it easy
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for health professionals, medical librarians, and researchers to retrieve and in-
tegrate information from different machine-readable sources as computer-based
patient records, databanks, bibliographic and full text databases, and expert
systems. SNOMED's design is based on the premise that a detailed and specific
nomenclature is essential to accurately reflect, in computer readable format, the
complexity and diversity of information found in a patient record. SNOMED is
designed for applications such as telemedicine, population-based outcomes anal-
ysis, cost-effectiveness studies, practice guidelines and the integration of elec-
tronic medical record information into a single data structure. Nevertheless, the
story on ontologies is not as clear as that on communication standards. Although
bioinformatics and health care informatics are fields that have active communi-
ties developing ontologies, as we have seen with GALEN, UMLS and SNOMED,
their use has lagged behind their potential, despite the huge drive by health
care professionals to bring health care information into clinical workstations and
onto the Internet. Why is this? GALEN provides a common terminology that is
currently of limited scope, while UMLS lacks a strong organisational structure,
and SNOMED provides only diagnosis nomenclature and codification. Those
who are building health care applications are using ontologies that have been
or are being developed to meet specific needs, each with its own representa-
tion of the world, suitable to the purpose it has been developed for. There is
as yet no common ontology. The experience of system developers [45] strongly
suggests that the development of a single or a small number of ontologies for
the health care domains is non-productive since no single domain requires such
an ontology, and the overlap between ontologies is often minimal. Perhaps, this
challenge will eventually be taken up in the mould of CYC [46], but that is not
likely in the immediate future. Alternatively, machine learning techniques for
the automatic construction of ontologies are being developed [47, 48, 49, 50]. In
the meantime, researchers working in related areas are sharing and extending
existing ontologies.

3.3 Security and privacy issues

Security is concerned with the protection of information from unauthorised ac-
cess while stored and communicated, and privacy protection with the avoid-
ance of unnecessary identification. The increasing dependence on information
and communication technologies in health care organisations in order to col-
lect, transmit, store, and assess data has brought the dual issues of security and
privacy to the fore. It is accepted that medical data, such as genome informa-
tion, medical records and other personal information must be treated with the
greatest respect with regard to privacy and privacy [51]. The European Union
has been enforcing the protection of medical data of individuals since 1995 [52],
and in many countries, such as in Spain, these recommendations are among the
most modern state laws that address the specific protection of this kind of data.
Recently a US law that regulates the treatment of medical data was passed [53].
This law establishes which rules must be followed by the software business in
this field, and the fines that will be applied to those that do not comply with the



regulations. This text, however, does not force any specific standard for storing
or transmitting data. The usual properties of confidentiality, integrity and non-
repudiation should be guaranteed in any agent-based health-care system. The
use of cryptographic methods is also important to protect the access to data
while it is being transmitted between agents (some issues related to secure com-
munication are discussed in [54]. Frameworks that help to construct multi-agent
systems are beginning to address security issues. For instance, an authentication
mechanism is being added to Jade [55, 56, 57). A user will give a username and a
password to enter the system; then the system will provide an identity certificate
that may be used by the agents associated with that user. This certificate will
include aspects such as the identities of the user and of the emitting entity, iden-
tification of the algorithms used to protect the certificate, and its validity period.
It is also suggested in [58] that agents should also have authorization certificates
that allow them controlled access to particular resources; these permissions could
be obtained from the user at creation time or by delegation of other agents of
the system. In summary, it is obvious that the research on secure access to data,
such as authentication of users, delivery and use of certificates, cryptographic
methods, or security in wireless communications, will be fundamental to ensure
that agents may safely deal with medical data and only authorised users may
access or update this kind of information.

3.4 Safety critical issues

Agent-based systems are increasingly being used to support decision making in
health care, a domain intrinsically uncertain and hazardous. Clinicians are well
aware of these risks, and a recurring theme in physicians’ criticism of health
care computer systems is one of doubts concerning reliability, and the associ-
ated acceptance criteria for reliability which are related to risk and safety con-
siderations. Consequently, everyone working in this area should be aware that
very small system errors or misunderstanding in the specification of systems can
lead to catastrophic consequences 1. There exist powerful theoretical models
of agency [59, 60, 61], and techniques for the specification and formalisation of
agent-based systems, and techniques to analyse and manipulate such specifica-
tions, utilising symbolic information to determine appropriate behaviour, are
beginning to emerge, based on well-established research from Al [62, 63, 64).
For example, tableaux for multi-modal belief or knowledge logics [65], tableaux
for multi-modal belief or knowledge logics with linear-time temporal logic [66],
tableaux for belief-desire-intention logics with either linear or branching-time

temporal logics [59], and resolution for knowledge logics with linear-time tem-
poral logics [67].

3.5 Legal issues

The distributed aspect of multi-agent systems and the lack of electronic borders
!’m:lhtate -the‘construct.ion of multi-agent systems in which agents are represent-
Ing organisations and individuals from different countries. If a multi-agent systemn
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is used to enhance the provision of health care to citizens of a wide area, such
as coordinating the management of organ transplants in different countries, one
of the most difficult issues to consider is the fact that agents should conform to
the local, national and international regulations in their area. The use of deontic
logic would be appropriate to formalise and reason about the permissions and
obligations of each agent in a system. A very promising research direction in this
area is the definition of electronic institutions (see e.g. [68], {69). An electronic in-
stitution includes a performative structure (a graph of scenes, where agent-agent
interactions take place), a dialogical framework (which comprises an ontology, a
set of illocutions and protocols to use them through conversation graphs) and a
set of norms, which determine obligations that an agent may acquire through its
actions. An e-institution prescribes the actions an agent may take and where,
and imposes limits on the questions and answers which form the conversation
between agents. Thus, an institution simplifies the task of preparing an agent
for a negotiation task, since the range of the discourse is predefined in the dia-
logical framework and the rules which must be adhered to for the negotiation to
complete satisfactorily are laid down in the performative structure.

3.6 Social acceptance

Citizens continuously demand more control over their medical information. They
would like to have permanent access to it, such as via the Internet and digital
TV, but they want to make sure that only those authorised to do so can have
access to it, and only when appropriate. Individuals need to be confident that
this information will not be disclosed, either on purpose or inadvertently, to
third parties, such as government, employers, insurance companies, marketing
companies, pharmaceutical companies, who may then use it for their own pur-
poses. This feeling implies, aside from the security issues mentioned above, the
. need to build a relation of trust between citizens and agents that provide the
access to sensitive information {54]. We consider that the AgentCities initiative
may be a very important step in this direction; as it will promote the construc-
tion of platforms all around the world that will provide agent-based services,
the human users of these systems will start to use them and gain confidence in
the relegation of tasks to autonomous entities. Work on trust {70] provides an
interesting analysis of relevant issues in this area.

3.7 Professional acceptance

In general, it has been observed that health care professionals are quite reluctant
to accept and use new technologies. In the first place, they usually have a very
busy schedule, so they lack the time to be aware of the latest advances in tech-
nologies and how they could be used to reduce their workload. They refuse to use
new tools if they are not integrated smoothly into their daily workflow. They
also often mention the lack of time and personnel to convert all the required
medical data into an electronic format, so that it can be easily accessed and



managed - medical records are usually hand written and distributed in differ-
ent departments of a medical centre. Some doctors also mention the hype built
around Artificial Intelligence and, especially, expert systems, twenty years ago,
which did not live up to their expectations, and they may reasonably argue that
the intelligent autonomous agent paradigm, so fashionable today, may also fail
to deliver real world results. Security in the access to data is also a common con-
cern for health care professionals. Agent systems have the potential to introduce
many innovations in the way in which computer systems respond to clinicians.
For example, they could identify the user by behaviour or even voice, adapt the
user interface to their way of working, and document diagnoses and therapies.

3.8 General issues

There are also many technical problems associated with the development of
multi- agent systems in any domain (not especially related to health care).
These include user expectations and acceptance, the lack of universally accepted
standard agent communication languages, protocols and architectures (although
FIPA seems to be clearly leading these efforts and their suggestions are start-
ing to become a de facto standard), how to describe the services offered by
agents, how to discover the presence of agents that provide a given service, how
to guarantee the identity of an agent that is making a certain request, secu-
rity, safety and trust issues, how to implement agents that offer wireless access
to services (e.g. from mobile phones or PDAs, which will probably be the key
towards a massive use of agent technology in the near future), how to handle
properly the interactions between software agents and humans, and integration
with pre-existing health-care systems.

4 Conclusion

In this position paper we want to argue that multi-agent systems have a set of
characteristics that make them appropriate to be used to improve the provision
of health care to citizens:

— They may be integrated with existing applications, for example agents may
access a database to obtain the information about the patients of a certain
hospital [13].

— The agents in a multi-agent system may be running in different locations, for
example there may be an agent associated to each department of a medical
centre [27), or an agent associated to each person that is included in a health
care program in a certain community [22].

- The §tandards provided by FIPA (71] and the FIPA-compliant frameworks of
fnultl-fugent system developinent are reaching a level of maturity that make
it feasible to think in world wide applications that coordinate the activities
of health care in different countries, for example coordinating the manage-

ment of organ transplant with a whole European perspective, following ideas
similar to the ones suggested in [13].
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— The autonomy of each agent in a multi-agent system permits to maintain the
independent views of each modelled actor, for example each agency involved
in the provision of health care to a community, such as social workers, health
care professionals or emergency services may have different private policies
that determine their relationship with other agents and their individual de-
cisions [22).

— Information agents may help both citizens and health care professionals to
obtain up-to-date and relevant health care information from Internet, for
example see [23]. _

— Agents may help to address the growing demand of patient-centred manage-
ment of medical data, for example it is feasible to think about the possibility
of having personal agents which are able to get in touch with agents at a
medical centre to receive information about their medical record or to make
an appointment to be visited by a doctor [27].
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