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Abstract— The aim of this paper is to present a society of in-
telligent agents linked into a multiagent system with the scope
of monitoring a large group of human beings in order to detect
possibilities of estimating catching chronic diseases. For this
purpose a heterogeneous group of patients was taken into
observation into approximately 15 years period. The group is
provided by a family doctor and is formed by many social
categories, many age increments and some different cities. The
paper will prove that such monitoring will detect in the first
stage or will detect the possibilities of being ill based only on
historical dates of the patients. Obviously the names of the
patients were not taken into multiagent system, but in real
cases the family doctor could prevent a real patient about the
danger of his life style or medical historical dates.

Keywords— intelligent agents, chronic diseases, multiagent
system, health care.

I. INTRODUCTION

Nowadays the chronic diseases are increasing and the as-
sociated problems (cost of medications, cost of medical
examinations, social exclusions, etc.) are more and more
expensive. In the same time the number of persons with
chronic diseases increases year by year. It is obviously in-
teresting to find a way to prevent such things to happen in
the case that we could determine what type of behavior or
what type of previous disease leads to a chronic disease.

Furthermore, if will be possible to have an automatic
equipment (or software program in this case) to detect the
formation of chronic diseases, will be possible (at least
theoretical) to reduce the number of patients with chronic
diseases.

At Brasov County official dates reveal the fact that about
20% of population is in a prediabetes stage, according to
national statistics. Another 10% of population has an imme-
diate risk of heart attack. This situation implies a sustained
effort to prevent and detect the chronic diseases.

This paper presents a study made on 1874 patients from
different locations, which evolve on a 15 year period. In this
purpose each patient was agentified using a program com-
puter. For each person in the group there is an intelligent
agent who takes the basic information about patient and in
the same time, the medical information about that patient. In

the real life these information are connected with the name
of the real patient. In our study the name was replaced by
numbers for medical confidence because the medical dates
are real.

Furthermore each agent enrolls it to a multiagent system.
The multiagent systems provide possibility of the agents’
collaborations and the interaction with the user interface.
Each agent will provide needed information on demand.

Our program will display based on agents the evolution
of different diseases along these years for this group of
patients. In the future we want to develop the program in
order to automatically alert the family doctor about the
chronic diseases which will potentially develop for a spe-
cific patient. This is possible because the multiagent system
learns some basic behaviors about information that it have.

The paper is organized as follow: in second section we
present the supporting concepts as “multiagent system” and
“intelligent agents”; in section III we present an example
with 1874 group of patients and connection between chronic
diseases and them. Finally in conclusion section we present
the results.

II. SUPPORTING CONCEPTS

A. Multiagent System

In the context of this paper, an agent is a computer pro-
gram associated either to some hardware component (a
sensor connected to a person) or to some specific informa-
tion about a person and which can run continuously and
autonomously. The multiagent system (MAS) provides a set
of individual agents who can communicate between them
for achieving a purpose and with a central station for moni-
toring process. The agents within the system model interact
with the agents who represent the components or operations
to find the needed information with minimal resources and
in optimal time.

The agents’ interaction is done under the control of the
coordination agent (which also provides the graphic user
interface) and looking for key information. When a satisfac-
tory solution cannot be found in the current structure it will
try to looking for the alternative options with gradually
relaxed constraints, allowing subsystems to regroup. This
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reflects the Belief Desire Intention — BDI architecture (to-
gether with the feedback for system states updates). The
basic requirements for the MAS architecture are that the
system model must supply enough information about the
patient to allow the planning, scheduling, and reconfigura-
tion of the dates to be carried out under gradually relaxed
constraints. The model also needs to avoid centralized con-
trol which does not characterize the multiagent technology,
in order to allow subsystems to autonomously negotiate
each other and to collaborate across system boundaries to
form new groupings [1].

Also the subsystems must be able to carry out collec-
tively simulation of discrete events, in any grouping, in
order to evaluate restructured decisions. Based on the analy-
sis, each subsystem on the system hierarchy needs to be
modeled as an agent. An agent should be able to send and
receive messages to or from other agents and the environ-
ment, and to make decisions to take part in bidding and
negotiation. There should also be a mechanism to support
dynamic simulation of discrete events [2, 3].

In order to implement the described MAS, the BDI archi-
tecture is very convenient because the environment is not
fully known and it is changes over time. Epistemic Deonto-
logical Axiological (EDA) architecture is not so useful
because the norms which are included will not help in this
situation. Also Layered architectures or Logic Based Agent
architectures are too close to a centralized control in de-
scribed situations [4, 5].

In this paper we consider that the communications be-
tween agents are FIPA compliant (Foundation for Intelli-
gent Physical Agents) like described in [6]. Also for MAS
implementation we use JADE (Java Agent DEvelopment
Framework) which is a free tool available online [7]. Fur-
thermore the ontology was integrated in JADE with Protégé
2000 [8, 9, 10, 11].

For success implementing the BDI architecture a belief
revised (BR) function is necessary. This function is in-
tended to revise the knowledge database (the beliefs of the
agents) in order to maintain the consistency of the database.
In our special case this function is necessary because the
beliefs of the agents could be wrong in case of an unpre-
dictable situation is involved in FMS flow. In these cases
the BR function will correct the beliefs of the agents. The
feedback flow of the BR function is represented in figure 1
(adapted from [12]).

As is seen in the figure 1, the agents of the MAS can per-
ceive only a part of the variables of the patients. Using the
beliefs gathered initially from the patient’s model and the
new perceived information, the BR function rebuilds the
unperceived information. Together with the update rebuilt
information these knowledge represent the new set of be-
liefs of the agents.

For this approach we focus for a MAS where the envi-
ronment is a dynamic system with a fixed structure where
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the value of some system variables (necessary for BR func-
tion implementation) is unknown. In this paper we consider
a practical case study for implementing such concepts.
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Fig. 1 The BR function generates an update belief

B. Patients Agentifying

For integrating of the information in MAS we need a
procedure for connecting of the information with MAS’s
coordination agents. This procedure is called patient agenti-
fying and implies that for each patient in the group an agent
to be created. That agent must retain both medical and per-
sonal information. The personal information is needed for
infrastructure purpose and also for statistical dates. The
medical information is needed for experiment. As we men-
tioned before the name are replaced by number in this study
case for confidential purpose. In the real cases the names
must be accessible only to the medical or authorized staff.

This procedure is difficult and takes a long time. But this
procedure is needed only one time. After this all will hap-
pen automatically. The user must complete or update the
information only when it is necessary [13].

After agentifying process the MAS could access all in-
formation that it needs. The access to the information is
made only by agent’s way. In this stage we have a collec-
tion of intelligent agents that cooperate in order to achieve
their purpose [4].

In this process the user has a graphic user interface (GUI)
that helps the input of the information. This GUI is repre-
sented in figure 2. The GUI will provide information that is
needed for the agentifying process. The action for the sub-
mit button implies that an agentifying agent is solicited to
complete the agentifying process. By this action all the
information is used to setup the patient’s agent. Thus a
specific agent associated to a specific patient is obtained.
This process is called agentifying of patients [14, 15, 16,
and 17].
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Fig. 2 The GUI interface

GUI is configurable in order to permit many kinds of
diseases to be monitored.

In our MAS the cooperation and coordination between
PTAxs agents is important because they share the same
goals. In the same time is important to notice that the mech-
anism that governs coordination is the interaction protocols.

Cooperation (to achieve a certain goal) is based on two
phases. First decompose the main task into several small
tasks (i.e. finding diabetes mellitus is decomposing in:
search for already declared patients, search for inducing
diabetes diseases, search for other emerging factors, reduce
the redundancies, compose the outputs). Several decomposi-
tion plans can be generated according to the available re-
sources and the capabilities of the cooperating entities. In
the second phase each subtask is executed and after all the
generateOutput task will contain the results. These entire
subtasks are running concurrently. This implies a competi-
tion between agents because each of them needs to obtain
their task and also report information to others. The compe-
tition is regulated by a coordination agent in order to keep
the accuracy of dates.

III. StUDY CASE

In order to prove the above concepts we use a specific
group of 1874 patients. These patients are from different
four locations (near Brasov).

They are monitored over a 15 years period of time for
chronic diseases. We want to obtain some results which will
indicate the chronic diseases rates and to obtain a link that
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we could use in the future to predict the occurrence of
chronic diseases in a specific population.

In our study case we choose to monitor: diabetes melli-
tus, dyslipidemia, hypertension, obesity, ischemic cardio-
myopathy (see fig. 3).
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Fig. 3 Chosen the chronic disease

In our case a patient’s agent will retain only information
about age, chronic diseases and historical dates. However it
could be programmed to retain much more information.

This study case will only take care about a few chronic
diseases because its role is to prove the procedure. In the
future we want to extend this example to permit prediction
of all chronic diseases occurrence.

In the first stage we agentified all 1874 patients, using
the GUI presented in figure 2. After this process we ob-
tained 1874 agents. These agents are coordinated by a coor-
dination agent (CA). This agent has an interface role be-
tween patient’s agents and MAS. Also this agent preserves
the accuracy of dates by rules (these rules modify the be-
havior of the agents). There is not a subordinating relation-
ship but a cooperative relation. In this way the user could
obtain the results, the agents could communicate and the
MAS principle is not broken [1].

The MAS is structured like in figure 4. There are 1874
patient agents (PTAx) and 1 CA. These agents communi-
cate each other’s in order to cooperate. Also PTAxs com-
municate with CA. For interaction with people there is a
GUI (see fig. 2).

For the study of the MAS’s agents we use JADE’s GUIL
This interface reveals the agents that constitute the MAS.
Also the JADE has a core that runs silent in background.
Only at specific request the GUI is displayed (see fig. 5).

For our purposes, we have adopted the description of an
agent as a software program with the capabilities of search-
ing and cooperate. This implementation is made in JADE
because this development tools are very versatile and could
be very well integrated with others development tools
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(like Protégé-2000 and Java). Also JADE is an open source
FIPA compliant Java based software framework for the
implementation of multiagent systems. It simplifies the
implementation of agent communities by offering runtime
and agent programming libraries, as well as tools to manage
platform execution and monitoring and debugging activi-
ties. These supporting tools are themselves FIPA agents.
JADE offers simultaneously middleware for FIPA compli-
ant multiagent systems, supporting application agents
whenever they need to exploit some feature covered by the
FIPA standard (message passing, agent life cycle, etc.), and
a Java framework for developing FIPA compliant agent
applications, making FIPA standard assets available to the
programmer through Java object-oriented abstractions.

GUI

Fig. 4 MAS architecture
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Fig. 5 MAS as seen in JADE
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The general management console for a JADE agent plat-
form (RMA — Remote Monitoring Agent), like in figure 5,
acquires the information about the platform and executes
the GUI commands to modify the status of the platform
(creating new agents, shutting down containers, etc.)
through the AMS (Agent Management System).

The agent platform can be split between several hosts
(provided that there is not firewall between them). The
agents are implemented as one Java thread and Java events
are used for effective and lightweight communication be-
tween agents on the same host.

The parallel tasks can be still executed by one agent, and
JADE schedules these tasks in a more efficient (and even
simpler for the skilled programmer) way than the Java Vir-
tual Machine (VM) does for threads.

Several Java VMs, called containers in JADE, can coex-
ist in the same agent platform even though they are not
running in the same host as the RMA agent. This means that
a RMA can be used to manage a set of VMs distributed
across various hosts.

Each container provides a complete run time environ-
ment for agent execution and allows several agents to con-
currently execute on the same host.

The DF (Directory Facilitator), AMS, and RMA agents co-
exist under the same container (main-container) together with
the patient’s agents. To facilitate message reply, which, accord-
ing to FIPA, must be formed taking into account a set of well-
formed rules such as setting the appropriate value for the at-
tributes in-reply-to, using the same conversation-id, etc., the
method createReply() is defined in the class that defines the
ACL (Agent Communication Language) message.

Different types of primitives are also included to facili-
tate the implementation of content languages other than SL
(Standard Languages), which is the default content language
defined by FIPA for ACL messages. This facility is made
with Protégé 2000 as depicted in figure 6.

Protégé presents also a graphical view of ontology
classes which facilitate understanding the fact that from the
point of view of the programmer, a JADE agent is simply a
Java class that extends the base agent class. It allows inher-
iting a basic hidden behaviour (such as registration, con-
figuration, remote management, etc.), and a basic set of
methods that can be called to implement the application
tasks of the agent (i.e. send/receive ACL messages).

Moreover, user agents inherit from their Agent superclass
some methods to manage agent behaviours. Also this dia-
gram can be represented in UML (Unified Modelling Lan-
guage) because behaviours are implemented as hierarchy of
classes. The Protégé 2000 connects to PTAxs JADE Agents
by including a Protégé configuration file in the Java com-
piler. The ontology is created in Protégé 2000 and MAS’s
classes are presented in figure 6.
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Fig. 6 MAS’s ontology realized in Protégé 2000

The outputs are revealed in figures 7, 8, 9, 10 and 11. In
these figures are presented the evolutions for diabetes melli-
tus, dyslipidemia, hypertension, obesity, ischemic cardio-
myopathy for PTAxs included in MAS. These figures don’t
represent simple histograms of the respective illness in time;
they are the outputs of the specific PTAx. These outputs
reflect the searches and also the incidence based on the
other illness declared in patient’s clinical dates. The time for
searching, cross-over searching and data-link is minimized
by the MAS algorithm and is made in one step. This is the
advantage of using this MAS. This is possible because the
PTAXs are not simple searching tools.

In these figures could be seen that a spectacular growth
has occurred in recent years. This problem is a big issue and
preventing and detecting the chronic diseases in the first
stages are imperative.

In the future we intend to extend the MAS on a very
large number of patients for early detecting these diseases
based on historical medical dates.
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IV. ConcLusioNs

The chronic diseases problem is very serious and the
ways to prevent and to detect earlier is also a big issues.
This application starts to resolve the second part of the
problem. Agent-based computing has great potential in
addressing this problem by using distributed resources and
reducing the programming effort. In this paper, we present a
new approach based on agent-oriented programming and
the concept of collaborative intelligent agents.

We develop a multiagent system that consists of patient
representative agents. To obtain satisfaction for patients
receive, the patient representative agents are designed to be
as informative and timely as communicating with people by
GUL In our paper we used Java in the initial pseudo-natural
language parser, XML as the knowledge base and XQL as
the query language. This paper represents a quite new area
and has not been developed to its full capability. Future
work includes enhancing the capabilities of agents and the
communication, collaboration, and coordination mecha-
nisms in the multi-agent system, improving the pseudo-
natural language parser to make it understand the user’s
input and synonyms better, supporting a more advanced
query setup to provide accurate replies in the circumstance
of multiple inexact matching, and developing mechanisms
for the agents to learn automatically from the users, history
profiles, and information on the Web. The ultimate goal is
to detect in the first stage the chronic diseases develop.

Also the use of MAS is imperative because of its flexibil-
ity. Thus the system can be very easily switched for other
diseases and the time for obtaining results remain very short
even in the case of millions of patients.
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