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Abstract - This paper presents an Ontology-based
Holonic Diagnostic System (OHDS) that combines the
advantages of the holonic paradigm with multi-agent
system technology and ontology design, in order to
realize a highly rdiable, adaptive, scalable, flexible, and
robust diagnostic system for diseases. We proposeto use
ontologies as brain for the holonic diagnostic system to
enhance its ability to structure information in a
meaningful way and share information quickly. We
believe such atechniqueis expected to become the norm
once existing resour ces (e.g. Disease databases) will have
become unlocked semantically through annotation with a
shared ontology.
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. INTRODUCTION

In today’s global world, fast and reliable medica
diagnosis is of vital importance as can be seen in such
examples as the recent problems with SARS or the bird flu.
Such highly contagious and lethal diseases can threaten
the world if they are not fought immediately and with high
efficiency and reliability. However, to do so, it isfirst of all
necessary to quickly and surely diagnose the disease
regardless of where the case is encountered in the world.
After a short while, the identification of the disease at its

hot spots may become routine, its dagnosis at more
remote/unlikely places will remain the challenge. Assuch,
of major importance is the rapid creation of an appropriate
knowledge structure easily accessible on the Web,
encoding the most up-to-date information regarding the
new disease, and capable of easy, continuous updates
from the various medical communities working on the
disease understanding and relief.

A Holonic Diagnosis System for e-Health applications
was proposed by Ulieru [18]. It consists of a medical
holarchy (see Figure 1) that is a community of people
and/or virtual entities (hospitals, clinics, databases,
medical devices) committed to a common hformation-
dependent goal (e.g. to contain and control a new
epidemic, such as SARS). In virtue of its ability to self-
organize [19] the holonic diagnosis system is capable of
clustering all the resources to be involved in diagnosis,
prediction and progression monitoring of the disease at
stake and managing the flow of information and
interactions throughout the tolarchy according to the
particular need to be dealt with [16 & 17].

Medical holarchies can act as a primary response to the
needs and requirements of today’s healthcare system,
especially to the need for unimpeded access to healthcare
services and ease o workflow management throughout
the medical system. Moreover, backed by a solid search
mechanism and a consistent knowledge gathering and
representation engine, the system can dynamically retrieve
information and create new knowledge to support the
continuous discovery of treatments for new diseases [20].



The Ontology-based Holonic Diagnostic System
(OHDS) proposed in this paper sets up on knowledge
discovery from ontologies, such as medical issues, health
matters, disease factors, DNA etc and knows whois doing
a particular type of research, what work has been done
and which research group has the most up-to-date results,
which database on the web is needed, what isin it, what is
the value of the information in that database, where it fits
into the specific disease knowledge and how to access it,
whose work is related to each other, overlapping with or
complementary to each other etc. It supports searches,
translations, categorization, indexing (through ontology
and agents), downloads, uploads and correlates disease
information to dynamically create knowledge for the
diagnosis, control and treatment of new, unknown
diseases.

Figure 1. Medica Holarchy

With the advent of the Semantic Web the WWW world
is evolving from a simple repository for information,
towards a distributed, collaborative, and high-volume
computing environment that poses particular new
challenges to the efficient and effective design of dataand
transactions. To make the information more accessible
using machine-readable meta-datathere have been several
research efforts of which ontology engineering is a key
component. A shared ontology defines a common
understanding of specific terms together with their
relationships and rules of use, in order to alow
communication between systems on a semantic level.
Classical techniques and methodologies are largely
inadequate because of the inherently autonomous and
heterogeneous nature of the information resources, which
forces gplications to share data, respectively services,
often without prior knowledge of their structure
respectively functionality. Computer based ontologies
may be seen as shared formal conceptualization of domain
knowledge and therefore constitute an essential resource
for enabling interoperation in an open environment
supported by the OHDS on the Web.

In this paper, we illustrate how ontologies can be
dynamically developed for the knowledge domain of

biomedical and bio-engineering research, using the OHDS
framework. As a post internet framework, the OHDS
enjoys an unusualy large number of high-quality,
complex, but extremely heterogeneous information
resources, which furthermore are often made available
through site-specific services only. The application
domain of human disease research and control involves
resources of medical, genetic, environmental and treatment
data. A characteristic of the domain is that trusted
databases exist but their schemas are often poorly or not
documented for outsiders, and explicit agreement about
their contentsis thereforerare.

For this reason, we adopted the ontology design
methodology of DOGMA [11]. In this approach database
schema elements, as well as linguistic elements are
represented as lexons combining the knowledge domain.
Knowledge about their usage (such as constraints, rules
etc.) is kept rigorously separate and is specified as part of
the formal commitment of an application to these lexons.
This so-called double articulation permits a high degree of
scalability, an essential requirement for agent-based
computing. A second fundamental aspect of DOGMA is
that it distinguishes data models, which are embedded in
specific applications, from proper ontologies (this should
be application-independent) [5], [14]. The mapping of a
data model to an ontology (in DOGMA) precisely
constitutes its formal semantics, in fact reified as part of
commitment.

[I. STATE-OF-THE-ART IN e-HEALTH
ONTOLOGY DEVELOPMENT

The development, dissemination and utilization of
common communication standards, vocabularies and
ontologies [13] for health careis avery hot research topic,
given the proliferation of e-Health technologies. There are
several consortia in which IT specialists join forces with
medical experts to develop such standards. The EU’s
CEN/TC 251 [25] ams is to achieve compatibility and
interoperability between independent systems, to support
clinical and administrative procedures, technical methods
to support interoperable systems as well as requirements
regarding safety, security and quality. The US
standardization bodies, the American Society for Testing
and Materids Committee on Heathcare Informatics
(ASTM EB31) [24] and Health Level Seven (HL7) [26] are
involved in similar work. ASTM E31 is developing
standards related to the architecture, content, storage,
security, confidentiality, functionality, and communication
of information while HL7 is mainly concerned with
protocol specifications  for  application  level
communications among health data acquisition,
processing, and handling systems.



Bioinformatics and health care informatics are fields
that aready have active communities developing
ontologies, yet the application of such ontologies as
GALEN R3], Unified Medical Language System (UMLS)
[3], Systematized Nomenclature of Human and Veterinary
Medicine (SNOMED) [27], has lagged behind their
potential, despite the huge drive by heath care
professionals to bring bioinformatics and health care
information into clinical workstations and onto the
Internet. The main reason appears to be that these existing
ontologies are being developed to meet different needs,
each with its own representation of the world, suitable to
the purpose it has been developed for. There is as yet no
common ontology. Of those that are being developed,
GALEN provides a common terminology that is currently
of limited scope, while UML S lacks a strong organizational
structure, and SNOMED provides only diagnosis
nomenclature and codification.

Other ontology based bioinformatics work includes the
Riboweb ontology [1], the Gene Ontology (GO) [6], the
TAMBIS Ontology and L& C’'s LinkBase®.

The TAMBIS Ontology, (Transparent Access to
Multiple Bioinformatics Information Sources) [15], uses
ontology to enable biologists to ask questions over
multiple external databases using a common query
interface.

LinKBase® by L&C incorporates recent results
involving a very large commercialy available formal
domain ontology. It is reported [12] to currently contain
over 5.000.000 knowledge entities of various types:
concepts, relationships, terms etc. These entities represent
medicine in a way that can be understood by algorithms.
Consistency is maintained through a description-logic
based knowledge system called LinK Factory®.

Riboweb ontology, Gene Ontology and TAMBIS
Ontology are build for a different purpose, do not deal
with human diseases and do not answer disease
guestions. LinKBase project has been commercialized and
isnot available for everyone.

1. INFORMATION RESOURCESFOR
OHDS

Medical researcher teams are heterogeneous. No single
institution has all the required resources or skills and team
members capable to cover all the health related issues at
the global health level (such e.g. new epidemics). Hence
the OHDS should enable resources sharing and usage co-
ordination in dynamic, virtual, multi-institutional
organizations by accessing remote data sources like
stored medical and biological information in large
quantities. But it would be very time consuming to
evaluate the information from each database one may

need, such as whereit fitsinto the whole knowledge world
and how one can access it. This is where ontologies are
needed as a means to capture and represent in the
computer knowledge shared by al people in a certain
community. For example, one could want to combine a
medical data source in Europe with a biological data
source in Chinain order to perform an analysis. Firstly, we
need the OHDS services to provide a dynamic way to use
resources and services in such a large distributed
scientific environment. Secondly, we need a way to
describe data and resources in a way that is
understandabl e and usabl e by the target community.

In our vision ontologies can effectively integrate
distributed world wide research in the area of disease by
aligning and merging relevant information from
publications and medical databases, DNA and protein
databases, research institutes, health departments,
hospitals etc. As such, the OHDS can provide the required
distributed collaborative platform as well as easy accessto
resources. We designed the Generic Human Disease
Ontology (GHDO) as a template with four main branches:
(1) types, describing different types of a disorder; (2)
phenotype, describing symptoms of a disease; (3) causes
responsible for that disorder which can be environmental
and/or genetic; (4) treatments, giving an overview of al
treatments possible for that particular disease as well as
treatments efficiency. This template helps to produce
Specific Human Disease Ontologies (SHDO) as it will be
illustrated in section 6. The ontology explains that a
disease may have (1) different types which also may be
further divided into subtypes etc. Each disease is caused
by (3) cause(s) which can be genetic (genotype) or
environmental. Genetic causes can be a mutated gene, a
complex of genes or a region in the DNA sequence that
potentially contains a gene responsible for the disease
and needs to be further examined. Environmental causes
can be stress, climate, drugs or family conditions. For each
disease, there is (2) corresponding phenotype namely,
observable characteristics of an ill individua and (4)
treatments possible for the disorder that can be drug
therapy, chemotherapy, surgery, psychotherapy or
physiotherapy.

Another major advantage of using the holonic
structure is that it respects complete autonomy of the
existing ontology nodes. Each of the edsting nodes can
withdraw or join the holarchy whenever it is necessary.
This is very important when generating on request
Specific Human Disease Ontologies as we will show in
Section 6.

Figure 2 shows a pictorial representation of the
information integration from different sources world-wide.
The retrieved information is organized within the Generic
Human Disease Ontology and its four different
dimensions. The proposed solution enables researchersto



analyze the different factors, the relationships between
them and different types of diseases simultaneously. After
analysis and combination of the information, the result is
presented in away that makesit easier for the user to have
an overview of the up-to-date knowledge about a specific
disorder.

Figure 2: Combining of the information from different
databases worldwide into the four dimensions of Generic
Disease Ontology

IV. PRINCIPLES OF BUILDING GENERIC
HUMAN DISEASE ONTOLOGY (GHDO)

A body of formally represented knowledge is based on
conceptualization, namely an abstract, simplified view of
the world that we wish to represent for some purpose,
usualy involving computers. It consists of a set of
objects, concepts and other entities about which
knowledge is being expressed (often called the univer se of
discourse) and of relationships that hold among them.
Every formal knowledge model is committed to some
conceptualization, implicitly or explicitly. An explicit
specification of this agreed conceptualization is called
ontology [7].

Ontological commitments are forma agreements
(expressed in DOGMA as views, rules, and constraints) to
use the shared vocabulary in a coherent and consistent
manner. Shared vocabulary is different for different
knowledge domains. Our knowledge domain is going to
have its own vocabulary written in an ontological lexicon.
An ontology base consists of lexons, expressing (usually
linguistically derived) facts between terms. Terms are often
organized hierarchically in taxonomy, by promoting the
subsumption fact into an implicit, specia, and
axiomatically defined relationship. Facts in DOGMA are

always true only within a context, defined for any lexon as
carried by an identifiable source, usually adocument.

In Hgure 3 we show the four main branches of the
GHDO. Of course, terms within the GHDO are much more
numerous than shown and are validated for existence
against concepts from a biomedical lexicon such as e.g.
UMLS Metathesaurus [3].

We first illustrate the notions of commitment as a
constrained interpretation and of (first order) well-formed
formula (wff) through examples. Consider a vocabulary V
= (T, R) where T is a set of terms denoting concepts, and
R isaset of relationship names.

DNA Region of Interest [Drugs|

Family Conditions

Figure 3: Generic Human Disease Ontology and its four main
subontologies: type, phenotype (symptoms), cause and
treatment.

For illustration we will develop a small generic ontology
representing the main concepts, identified in a given
(implicit) context. Let T = {disease, type, subtype, sub-
subtype, phenotype, treatment, drug therapy,
chemotherapy, physiotherapy, surgery, psychotherapy,
cause, genotype, gene, gene complex, DNA region of
interest, environment, stress, climate, family conditions,
drugs, micro-organism, bacteria, virus} that represent the
lexicon of user’ sworld of diseases, and R ={has, isof, isa,
is caused by, isresponsible for, is cured by, cures, shows,
characterizes} that represent relationships (roles) for this
domain. Within DOGMA Modeler, the Object Role
Modeling ORM) [8] notation is also wsed to represent
relationships and commitments such as ‘each disease is
caused by at least one cause and ‘each disease shows at
least one phenotype’.  The relationships can be
represented through the following binary relations, called
lexons or facts:

has (disease, type); isof (type, disease);

This means that ‘disease has a type’ and ‘typeis of a

disease'.
shows (disease, phenotype); characterizes
(phenotype, disease);



This means that ‘disease shows a phenotype’ and
‘phenotype characterizes a disease'.
is caused by (disease, cause); is responsible
for (cause, disease);
This means that ‘disease is caused by a cause’ and
‘cause isresponsible for a disease'.
is cured by (disease, treatment); cures
(treatment, disease);
This means that ‘disease is cured by a treatment’ and
‘treatment cures a disease’.

V.HOLARCHIC STRUCTURE AND
MECHANISM

In case of knowledge collection, manipulation,
organization and discovery for human diseases the
proposed OHDS can be very useful. The holonic structure
(Figure 4) is anested hierarchy of four holarchiesin which
each of the four GHDO dimensions template is associated
with one holarchy. By sending a request to the Mediator
Agent of the OHDS the process is started. From there it
infiltrates the hierarchy till it reaches the leaves. The
record is interpreted and analyzed at the higher levels of
the hierarchy while collection of the data happens at the
lower level holarchy.

Figure 4: OHDS structure

HOLARCHY MEDIATOR AGENTS(HMA)

Each holarchy has a single entry point, named
Mediator Agent. The holonic structure has as main entry
point the Disease Mediator Agent and in turn each branch
has its own mediator agents, respectively Types,
Symptoms, Causes and Treatments Mediator Agents.
Their task is to decide what other subordinate Disease
Specialist Agents - DSAs or Disease Representative

Agents — DRASs need to be activated in order to retrieve
the information requested by the user. Another task is to
integrate the retrieved information coming from DSA via
DRA in another direction.

DISEASE MEDIATOR AGENT (DMA)

The DMA interacts with the user and decides which of
the four holarchies needs to be deployed in order to
generate  SHDO requested by wuser. For example,
sometimes a user may be interested only in causes of a
disease so that there is no need to deploy Types,
Symptoms or Causes holarchy. Also, each of the four
holarchies has significant databases assigned to it. Some
databases contain information only regarding for example,
symptoms of a disease so that, e.g. there is no need for
agents from the Cause holarchy to visit those databases.
Another task of the DMA is to combine the information
coming in another direction from the four holarchies and
present it to the user as asingle unit.

DISEASE SPECIALISTSAGENTS (DSA)

Holarchy inner nodes represent Disease Specialist
Agents (DSAS). They represent decision makers and are
specialists on a specific dimension of GHDO. We
differentiate Types, Symptoms, Causes and Treatments
Diseases Specialists Agents (Ty-DSA, Sy-DSA, Ca-DSA
and Tr-DSA). Each DSA will focus on a task which
corresponds to its level of knowledge namely, after
subordinate agents (DRAS) have returned their data it
interprets, compares, and evaluates them in order to define
aproper ranking among all the delivered data. The ranking
is done by the HMA using two different types of
matching as it will be described further. An important task
of a DSA isto interpret the incoming data and come to a
conclusion on whether there is sufficient evidence for the
likelihood of a specific disease. If not, the DSA has to
decide - on the basis of the delivered information -
whether it makes sense to consult other DRASs or, if this
seems to be unpromising, whether to advertise the request
on the Internet. This is especially promising if tereis
suspicion that the disease is a so far unknown or imported
one, thus one that is very rare in the living space of the
patient/medical unit.

DISEASE REPRESENTATIVE AGENTS (DRA)

The leaves are so-called Disease Representative
Agents (DRAs). We differentiate Types, Symptoms,
Causes and Treatments Diseases Representative Agents
(Ty-DRA, Sy-DRA, Ca-DRA and Tr-DRA). Each DRA is
an expert on alower level concept within GHDO. Note that
DRAs differ from DSAs in that they need to recognize the
significant information inside the appropriate database
and retrieve that information. This information is then
passed over to the DSA and they do the analysis and



comparison of the retrieved information so that only ‘new’
information will be passed over to HMAs. For example,
article_ 1 clams that a gene located somewhere on
chromosome 6 is responsible for a disease in question,
while article_2 gives more precise information regarding
the gene of interest such as location 6pll-pl7. Ca-DRA
retrieves both articles while Ca-DSA passes over only
information from article 2 to the CMA. CMA will do the
matching and assign the value ‘6pl11-p17’ to the concept
‘DNA region of interest’, telling the user that the DNA
seguence positioned on chromosome 6 between pll and
pl7 potentially contains a gene which may be causing the
specific disease. In this way we keep the presented
information updated and also do the selection of the
information before presenting it to the user and present
only the key-information. This is especialy important
when lots of information regarding a specific topic is
available.

THE HOLARCHIC MECHANISM

For the information integration process, the Holarchy
Mediator Agents perform two different types of matching.
First one is matching of the template of GHDO with the
incoming information and assigning values to the
concepts from GHDO (for example, to assign the name
‘GRK3' to the concept ‘gene name from GHDO.) In its
decision process on what to do with all the input that may
be provided by the lower level agents the HMA not only
relies on its knowledge but also on the experiences it made
in the past. For this reason, latest version of SHDOs
regarding the same disease requested by some other user
before, are saved in a pattern store, making it possible to
do the second type of matching. If a difference is found,
the new SHDO should be checked for its consistency. If
the difference is consistent, the latest version should be
saved and used next time for matching. The HMA needs
to be enriched with sufficient knowledge/intelligence to be
able to interpret the incoming information and also to
relate it to its knowledge/experience. Moreover, it may be
that relevant data/examinations are missing and that more
information may be needed and thus more lower level
agents need to be activated until the processis completed.

The achieved results can have different levels of
certainty. In the best case, the information that was
provided to the DRA and combined together by Mediator
Agents provides al the data and information that is
needed in order to conduct a comprehensive search on the
SHDOs as requested by the user. In less fortunate cases
the record may only provide a part of the optimal set of
information and data requested. In such a case where the
aready available information in the SHDO does not
exclude a disease, the result of its analysis comes with a
set of tasks, examinations, and tests that are suggested to

be performed by the medical institution in order to further
verify (or invalidate) the hypothesis.

VI.HOW DO THE GHDO AND OHDS
WORK TOGETHER

The conceptual framework of our OHDS methodol ogy
and prototype is based on the formal theory of ontology
described in the previous section. The system extracts
relevant information from publications and medical
databases, DNA and protein databases, research
institutes, health departments, hospitals etc. Upon the
analysis and combination of the information, the result is
presented in away that makes it easier for the user to have
an overview of the up-to-date knowledge about a specific
disorder. Use of ontologies provides us with a more
controlled and systematic way to perform information
retrieval. Moreover, the holarchic/nested organization of
ontologies enables implicit inheritance which adds
taxonomical context to search results, making it easier for
the researcher to spot conceptual relationships in data.
The latter fact is important for instance in the case of
complex human disorders where one looks for
relationships between different factors that are
simultaneously responsible for each of the many types of
disorders.

The GHDO links the user to multiple heterogeneous
information resources via its four main branches. Using
the GHDO the OHDS can derive Specific Human Disease
Ontologies (SHDOs) on request. The SHDOs are specified
and generated when a user queries the system.

The source information covers different areas of
interest with respect to human diseases in order to alow
different user categories (each having specific intentions),
to query the system. Researchers are constantly searching
for and adding more nformation to the already existing
pool of knowledge regarding a particular disorder.
Physicians are directly in contact with patients and are
using al significant information to help and treat the
patients. Especially when a new disease epidemic starts
spreading, researchers and physicians are strongly
connected because they are working towards the same
goal, but on different knowledge levels.

VI.A. Ontology as Support Tool for Physicians

If amedical professional queriesthe system, she/he will
mainly be interested in two of the four components of our
system, namely symptoms and possible treatments of a
particular disorder. There are some exceptions to this rule,
such as in the next use case, when a new disease is
encountered by the physician.
Use case one: Physician cannot identify the disease. A
physician may have a patient showing some symptoms of



a disease but he may not be able to say what kind of
disease it is. At this stage, it is recommended to keep as
many as possible components nvolved in the search:
symptoms (phenotype), causes and treatments. In this
case, the derived Specific Ontologies have the
‘phenotype’, ‘caus€ and ‘treatment’ branches. By
entering the symptoms into the system, the doctor may be
able to retrieve the information regarding that disease. Itis
also possible that different diseases are showing the same
or similar symptoms, such that the physician retrieves
more than one SHDO as we show in Figure 5. In such a
case, it may be useful to look for some significance in the
causes of the disorders, aswe explain in the sequel.

Use case one_a: causes of the disease are not known.
On the basis of the key symptoms the doctor will chose
one (set of) disease(s). This disease becomes the doctor's
working hypothesis, from the point of view of the doctor,
the most likely choice. The doctor then starts to gather
evidence in support of the working hypothesis, always
keeping in mind the set of alternative hypotheses. Such a
process relies on al kinds of information, e.g., information
that is gained by interrogating the patient or by
conducting necessary (physical or instrument- or tool-
based) examinations and tests. It will be assumed that all
this data and information will be stored in so-called
medical records for patients or patient recordsfor short,
which follow the GHDO template. It will be assumed that
all necessary/available medical information about a patient
is kept in exactly one comprehensive computer readable
patient record that is a set of SHDOs for the specific
conditions of the particular patient. This enables the
patient record to be processed by agents because the
ontology assigns the unequivocal semanticsto the record
and, thus, defines how the agent may understand,
interpret and processit.

Symptoms

Senete 1 Drug Therapy 1 Genetic 2 Physiotherapy 2
[ Drug 1]

Figure 5 Two different diseases caused by mutations of
different genes and treated by different drugs showing same
symptoms

Use case one_b: cause of the disease is known, e.g. a
gene mutation. For example, in case of disease 1, gene 1
is mutated and thus causes this disorder. And disease 2

is caused by mutation of gene 2. The physician can do
the screening of the patients’ DNA to check if gene 1 or
gene_2 is mutated. If mutation found in gene 1, the
patient has disease 1 and if gene 2 mutated the patient
suffersfrom disease 2.

Only when the patient is correctly diagnosed, the
physician may consider possible treatments for the
patient. Our information system therefore also reduces the
risk of misdiagnosis.

Use case two: Physician can identify the disease and
wants to consider possible treatments. It is common that
there is more than one (drug) treatments possible for a
particular disease (see Figure 6). A physician will wish to
look at all the options possible before choosing one.
Choosing medication is also a personal thing because not
al people respond in the same way to same medication. At
this point a medical professional might for instance
consult our ontology-based information system to do a
one-component search (treatments). In this case, the
derived Specific Ontology has only the ‘treatment’ branch.

Source: Herbal

Active Ingredient: 1
Effectivity: 40%
Sideeffects: none
Drug Interactions:
enhance effect of
other drugs

Source: Synthetic

Active Ingredient: 2
Effectivity: 90%
Sideeffects: depression|
low energy levels,

Source: Synthetic
Active Ingredient: 3
Effectivity: 60%
Sideeffects: nausea.
headache

Drug Interactions:
not effective with
macrolide antibiotics

weakness

Drug Interactions:
unwanted effects
with MAO inhibitiors

Figure 6: Different drugs target same disease

V1.B. Ontology as Support Tool for Researches

The biomedical researcher using our system may be
interested in one specific of the four possible components
of our system. E.g. a researchers working on drug
discovery would be more interested in the ‘treatment’
branch. We show another example where the derived
SHDO has only the ‘cause branch.
Use case three: Researcher examines possible causes of
a disorder. Often not all the causes responsible for a
particular disorder are known, e.g. in the case of manic-
depression (Figure 7).

By querying our system and getting back significant
information systematically represented, the researcher is



able to identify some regions of interest in the DNA
sequence such as regions 2p13-16, 10021-24, 12q23-24,
17911-12 and Xg24-26 on chromosomes 2, 10, 12, 17 and X
respectively 2], @], [, [10]. Those regions need to be
further examined in order to find a gene and a mutation
inside that gene.

Source: Herbal
Active Ingredient: 1
Effectivity: 40%
Sideeffects: none
Drug Interactions:
enhance effect of
other drugs

Source: Synthetic
Active Ingredient: 3
Effectivity: 60%
Sideeffects: nausea,
headache

Drug Interactions:
not effective with
macrolide antibiotics

Source: Synthetic
Active Ingredient: 2
ivity: 90%
Sideeffects: depression)
low energy levels,
weakness
Drug Interactions:
unwanted effects
with MAQ inhibitiors

Figure 7: Genetic causes of manic-depression (current

research)

If a new geneis found on one of the already identified
DNA regions of interest, our model will now have four
instead of five instances of the term ‘DNA region of
interest’ and one more instance of the term ‘gene’ (see
Figure 8. Given the length of the DNA sequence it is
obviously much easier for a researcher to target a specific
area of a chromosome such as 2p13-16 than the whole
chromosome 2. Further research, may allow her/him to
narrow down the region of interest to, for example 2p14-15.

Manic Depression

DNA Region of Interest
Xq24-q26

[17¢11-q12]

Protein coded:

G protein

receplor kinase 3
Location:
chromosome 22g11
Effectivity: 10%

Protein coded:

X protein
Location:
chromosome 2p15
Effectivity: 20%

[10q21-q24]

Figure 8: Genetic causes of manic-depression, future research
if gene of interest found on chromosome 2

Because of the agreed semantics in a shared ontology
it will be easier for the next person to continue the
research in the same direction and possibly to locate the
gene of interest. This aspect of cooperation between
different teams increases productivity by saving time and
research.

VIl. COMPARISONS, DISCUSSION AND
CONCLUSIONS

In this paper an ontology-based holonic diagnostic
system was presented that unifies the advantages of
multi-agent system technology with those of an integrated
ontology for the purpose of representing the active
knowledge about human disorders. The self-organizing,
emergent behavior of the resulting system supports the
medical researcher/specialist, especially in cases in which
the kind of disease the patient is suffering from is not
certain or easily diagnosable. The ontology-based
development supports the containment and control of new
diseases by enabling dynamic knowledge discovery as
follows:

acomputer-based ontol ogy supports the work
of scientists in gathering information on
highly specific research topics of human
disorders, and allows users on a world-wide
basis to intelligently access new scientific
information much more quickly;

shared knowledge improves research
efficiency and effectiveness, as it helps (a) to
avoid unnecessary redundancy in doing the
same experiments, such as the examination of
the same region of a DNA sequence, and (b)
the determination of, e.g. which part of DNA
sequence needs to be further examined in
order to find the gene responsible for a
disease;

ontologies are the basis of interoperation, by
allowing distributed but autonomous and
heterogeneous resources to function in a
world-wide cooperative environment: this
makes it possible to split effectively a big task
between different research teams;
constructing the data patterns which combine
different genetic and environmental causes
and different disease types, will facilitate the
sorting out of the exact combinations of the
genetic and environmental factors involved as
well astheir individual influences on a specific
complex disease type such as e.g. depression,
thereby assisting medical professionals to
diagnose, treat and possibly prevent the
disorder.



The four ‘dimensions’ (phenotype, cause, treatment
and type) are each built for a different purpose and are
orthogonal to each other. The ‘Types’ sub-ontology is
more a classifying ontology and is strongly hierarchically
supported. It does not provide a user with much scientific
information. This ontology is based on classification. The
‘Phenotype’ sub-ontology is more descriptive than the
others and is based on observation and diagnosing
characteristics of the ill individual. The ‘Cause sub-
ontology is providing a user with scientifically proven
facts and is strongly based on scientific research. The
‘Treatment’ sub-ontology is a combination of classifying
and research ontology. Modeling available treatments is
research work but, for example al the discovered drugs
can be further hierarchically classified. All four
‘dimensions’ are different from each other and each
‘dimension’ is unique. But jointly they give an overal
picture and a good overview of knowledge about a human
disorder.

The holarchic structure (Figure 4) can provide the
required distributed collaborative platform as well as easy
access to resources. In the case of human diseases, we
use the research publications and medical databases,
DNA and protein databases, research institutes, health
departments, hospitals etc as information resources. The
specific information lequested by a user is aligned and
merged into the GHDO which resultsin SHDOs.

The innovation in our work lies in the combination of
holonic architectures, multi-agent technology for
managing and subtracting un-structured bio-medica
research results into structured disease information for
end users and development of Human Disease Ontologies
which act as spinal cord for the diagnostic system. Sofar
we have developed complete upper and lower ontologies.
However, lots of work still remains, such as
implementation of local agents interactions using
stigmergy [19], security concerns, upload the testbed
system on-line for testing and validation, test the
Ontology and development of user view interfaces.
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