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Abstract.  This paper describes how we have developed a knowledge basefor a heuris-
tic application in a clinical domain. Firstly , the knowledge base has been modelled us-
ing CommonKADS. Later, the knowledge base has been represerted in the language
DAML+OIL. We will illustrate in somedepth how objects, classesand relationships of
a medical domain (modelled following an object-oriented approach) can be specied in
the Web language DAML+OIL.
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1 Intro duction

Currently, the developmert of knowledge-basedapplications is viewed as a modelling activity
oriented to obtain structured knowledge models. It is advisablethat the modelling initial step
includesa very detailed ontological analysis[3], asthe latter clari es the structure of the domain
knowledgeand so, the semartics of its represertation. In addition, with the aim of sharing and
reusing ontologies, the Arti cial Intelligence community is very interestedin represeting them
on the Semaric Web [7]. Current standard Web languages,such as XML [1] or RDF [2], have
beendeweloped in order to expressWeb information in such a way asto be easily processable
by madines. Other languages,such as DAML+OIL [6,12], have arisen in order to provide
a greater inter-operability on the semaric level. In this way, DAML+OIL extendsthe RDF
Sdemabasic primitiv esfor providing a more expressive ontology modelling languageand some
simple terms for creating inferences.

In this paper we describe how we have represented a knowledgebasefor a heuristic applica-
tion using DAML+OIL. This knowledgebasehasbeenbuilt by reusing pre-existing knowledge
theories, and it has beendeweloped in two phases:
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{ Firstly, the underlying ontology has been modelled using the domain knowledge schema
speci cation of CommonKADS [10], in order to represen graphically the objects, classand
relations of the domain knowledge.

{ Later, the knowledge basehas beenrepreserted in DAML+OIL

We will reviseseeral typesof commonrelations in an object-oriented approach and we will
show how these types of relations can be represerted in DAML+OIL. We will seethat these
basic relations are represerted in DAML+OIL unambiguously, so there is a direct connection
from a domain model to its represeration in DAML+OIL. But, the direct connection from
DAML+OIL to the domain model is lost and it cannot be easily reconstructed. However, for
ead particular domain, we will seethat it is very easyto extend the set of DAML+OIL
modelling primitiv eswith the neededmodelling primitiv es. These extensionsfacilitate the re-
engineeringof the domain model from just the represenation in DAML+OIL.

The rest of the paper is organized as follows. In Section 2 we describe the clinical domain
briey. In Section 3 we summarize the modelling of our clinical knowledge base. Section 4
illustrates in somedepth how objects, classesand the most commonrelationships in an object-
oriented approac can be speci ed in DAML+OIL. In Section 5, we will shovn how we have
speci ed derivation rules "If...then..." in DAML+OIL. Finally, Section6 summarizesand con-
cludesthe paper.

2 Summarizing the clinical domain

Our medical knowledgebasehas beenmodelled for a heuristic application in the domain of the
Red Eye (RE) diagnosis[11]. The latter is a commonactivity carried out in primary care units.
Recommendationsabout carrying out the diagnosis of the red eye include to take a careful
history and to make a focusedophthalmology examination. Following these recommendations,
the knowledge base must include, at least, knowledge about the ophthalmology anamnesis,
eye examination, related clinical procedures,eye pathologies and relations among all of this
knowledge.

3 Mo delling the ophthalmology knowledge base

The domain knowledge base has been dewveloped by reusing sometheories in the core library
described in [5], and later, by extending these theories with some descriptions taken from
INTERNIST-I [9] and with more speci ¢ conceptsto our clinical domain. We have also fol-
lowed the International Classi cation of DiseasedCD-9-CM [13], for represetting pathologies.
Currently, there is a 10th Revision, but the 9th Revision is still followed in Spain. In this way,
we have obtained a standard represenation vocabulary, which is being revised by following
UMLS (Unied Medical Language System) [8].

The library of medical ontologies of [5] speci es a set of medical conceptualizations taken
from both medical literature and implemented systems,including generalcategoriesof medical
knowledge, such as the following theory levels:

{ Generic Patient, which models the medical activities for eat patient.
{ Testand Therapies, represeting actions undertaken by medical agerts.



{ Diseasesmodelling ead diseaseas a clinical processwhoseewlution is described through
nding and clinical abstraction valuesover time.
{ Findings, Clinical-state-abstractions, Drugs, etc.

We have divided our knowledge basein seweral parts, where ead part correspondsto one
of thesetheory levels. In this paper, we will focusin the levels 'Generic-Patient' and 'Tests', in
order to describe the most important aspectsusedin the DAML+OIL speci cation.

4 Specifying objects and relationships of our knowledge base in
DAML+OIL

Generic-Patient models the information to record during ead patient visit, such as patient
identifying data, patient visit record and the anamnesis(Fig. 1). The latter includes chief
complaint, history of presert illness and past medical history.
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Fig. 1. Modelling the level 'Generic-Patient'

4.1 Specifying objects and attributes

In DAML+OIL, objects are described by giving a name for the object class.The de nition of
someclassesn Generic-Patient is shawvn in Fig. 2.



<daml:Class rdf:ID="P atientldentifyingData">
</daml:Class>

<daml:Class rdf:ID="P atientVisitRecord">
</daml:Class>

<daml:Class rdf:ID="Anamnesis">
</daml:Class>

<daml:Class rdf:ID="ChiefComplaint">
</daml:Class>

<daml:Class rdf:ID="HistoryOfRresentlliness">
</daml:Class>

<daml:Class rdf:ID="P astMedicalHistory">
</daml:Class>

Fig. 2. De ning classesin DAML+OIL

Each attribute of a classof objects is de ned by a kind of DAML+OIL property (named
daml:DatatypeProperty), which relatesobjects to datatype values.For example,we have de ned
the attribute Name as an unique property, which maps strings into XML Sdema (Fig. 3).

<daml:DatatypeProperty rdf:ID="Name">

<rdfs:comment>

Name is a DatatypeProperty whose range is xsd:string.
Name is also a UniqueProperty (can only have one name)
</rdfs:comment>

<rdf:type rdf:resource="http://www.daml.org/2001/03/daml+oil#UniqueProperty"/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/10/XMLSchema#string"/>

</daml:DatatypeProperty>

Fig. 3. De ning an attribute for a classin DAML+OIL

A secondexampleis the attribute DateOfBirth, which is a subproperty of the property Date.
The latter maps datesinto XML Schema (Fig. 4).

The internal structure of a class can be described by adding property restrictions to the
class.Figure 5 shows someproperty restrictions added to the classPatientldentifyingData .



<daml:DatatypeProperty rdf:ID="Date">

<rdfs:comment>

Date is a DatatypeProperty whose range is xsd:date.

</rdfs:comment>

<rdfs:range rdf:resource="http://www.w3.0rg/2000/10/XMLSchema#date"/>
</daml:DatatypeProperty>

<daml:DatatypeProperty rdf:ID="DateOfBirth">

<rdfs:comment>

DateOfBirth is a subProperty Of Date and it is also a UniqueProperty

(can only have one date)

</rdfs:comment>

<rdfs:subPropertyOf rdf:resource="#Date"/>

<rdf:type rdf:resource="http://www.daml.org/2001/03/daml+oil#UniqueProperty"/>
</daml:DatatypeProperty>

Fig. 4. De ning 'date' attributes in DAML+OIL
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Fig. 5. Adding two property restrictions to the class PatientldentifyingData




4.2 Specifying standard relations in an object-orien ted approac h

In an object-oriented approacd, one standard relation is an aggregation. For example, for ead
patient there can be one or sewral visit records. This information can be modeled by an
aggregation relation between one PatientldentifyingData and many PatientVisitR ecords. We
have speci ed this kind of relation by:

1. De ning a new property hasVisit, which is a binary relation connecting the two classes
implied in the aggregation (Fig. 6).

2. Adding a new property restriction on the classPatientldentifyingData, suc asit is displayed
in Fig. 7, where the minimum cardinality 1 speci es that the aggregationrelation is 1:N.

<daml:ObjectProperty rdf:ID="hasVisit">

<rdfs:domain rdf:resource="#PatientldentifyingData"/>
<rdfs:range rdf:resource="#PatientVisitRecord"/>
</daml:ObjectProperty>

Fig. 6. De ning a binary relation in DAML+OIL

Binary relations between 1 object and N objects have been speci ed by de ning a new
daml:ObjectProperty and adding a new restriction on the class. For example in Fig. 8 the
relation labeled as Can be carried out by, between Exploration Phaseand Primitive Phasein
the Teststheory, is an 1:N binary relation with onerelation attribute, named Choice Criteria .
Firstly, two new properties have beende ned in this case:one for de ning the binary relation
and another for de ning the relation attribute. Secondly two restrictions have beenadded to
the classExploration Phase asit is showvn in Fig. 9.

On the other hand, a n-ary relation can be speci ed by de ning n-1 properties and adding
n-1 restrictions to one class. For example, in Fig. 8 the relation Collects by using is a 4-ary
relation, which represens the knowledge about techniquesto be used, pharmacologicalactions
to be applied, and signsto be collected in ead phase. Three properties can be de ned: Col-
lects between PrimitivePhase and Sign, ByUsing between PrimitivePhase and Technique and
ByApplying between PrimitivePhase and PharmaamlogicalAction (Fig 10).

5 Specifying rules 'If .. Then .." in DAML+OIL

In our knowledge basewe have modelled derivation rules as assaiations betweentwo expres-
sions, where eact expressionis a classcortaining four slots:

{ A concept/relation.

{ A slot.

{ An operator (such asequal, greater, etc.).
{ A value.
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Fig. 7. Specifying a standard aggregation for the class PatientldentifyingData

We have also consideredthat expressionscan be nestedby using logical operators (such as
and, or). A simple example of a derivation rule is showvn in Figure 11.

Each expression,sud as Distance-from-Snelen-Chart.decimalvalueOD< 0.8 can be speci-
ed by de ning a new class,for example, DFSCOD-evaluation, as an intersection of the class
Distance-from-Snelen-Chart and a DAML+OIL restriction on a property (in this case,deci-
malvalueOD). This restriction can useuser-de ned datatypes (Fig 12).

A set of nested expressionscan be speci ed by meansof the boolean combination provided
by DAML+OIL, suc asdamlintersectionOf, daml:unionOf and daml:complemenOf (Fig. 13).

Finally, a rule can be expressedby a name, an anteceden and a consequeh (Fig. 14). In
this example, the range of the antecedert is the classDecreaseal-Visual-Acuity-A ntecedent and
the range of the consequen is the classAbstracted-Decreaseal-Visual-Evaluation.

6 Conclusions

In this paper we have shovn how a knowledge basefor a heuristic application has beendewel-
oped. We have distinguished two phases:modelling and represenation. The modelling phase
was carried out by applying CommonKADS. The represeniation phasehasturned on the spec-
i cation of the modelled knowledgein the Web languageDAML+OIL.

As the Web is a universal medium for exchanging data and knowledge, a languagefor the
Semaric Web, sudh as DAML+OIL, must have enoughexpressie power and provide support
for both Syntactic and Semaric Inter-operability [4]. In this paper, we have revised seeral
typesof commonrelations in an object-oriented approach and we have shavn how thesetypes
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Fig. 8. Modelling the level 'Test'



<rdf:ID="CarriedOutBy">

<rdfs:domain rdf:resource="#ExplorationPhase"/>
<rdfs:range rdf:resource="#PrimitivePhase"/>
</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="ChoiceCriteria">
<rdfs:domain rdf:resource="#ExplorationPhase"/>
<rdfs:range rdf:resource="#OrderedListOfCriteria"/>
</daml:ObjectProperty>

<daml:Class rdf:about="ExplorationPhase">
<rdfs:comment>
Several primitive phases can be carried out by a method of examination,
ie: One or more primitive phases can be carried out to one ‘ExplorationPhase
(through the object property ‘CarriedOutBy ).
</rdfs:comment>
<rdfs:subClassOf>
<daml:Restriction daml:minCardinality="1">
<daml:onProperty rdf:resource="#CarriedOutBy"/>
</daml:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<daml:Restriction daml:Cardinality="1">
<daml:onProperty rdf:resource="#ChoiceCriteria"/>
</daml:Restriction>
</rdfs:subClassOf>
</daml:Class>

Fig. 9. De ning a binary relation in DAML+OIL




<daml:ObjectProperty rdf:ID="Collects">

<rdfs:domain rdf:resource="#PrimitivePhase"/>

<rdfs:range rdf:resource="http://aiff.usc.es/elchus/medicalontology/daml+oil-f#Sign"/>
</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="ByUsing">
<rdfs:domain rdf:resource="#PrimitivePhase"/>
<rdfs:range rdf:resource="#Technique"/>
</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="ByApplying">
<rdfs:domain rdf:resource="#PrimitivePhase"/>
<rdfs:range rdf:resource="#PharmacologicalAction"/>
</daml:ObjectProperty>

<daml:Class rdf:about="PrimitivePhase">

<rdfs:subClassOf>

<daml:Restriction daml:minCardinality="1">

<daml:onProperty rdf:resource="#Collects"/>

</daml:Restriction>

</rdfs:subClassOf>

<rdfs:subClassOf>

<daml:Restriction daml:minCardinality="1">
<daml:onProperty rdf:resource="#ByUsing"/>

</daml:Restriction>

</rdfs:subClassOf>

<rdfs:subClassOf>

<daml:Restriction daml:minCardinality="0">
<daml:onProperty rdf:resource="#ByApplying"/>

</daml:Restriction>

</rdfs:subClassOf>

</daml:Class>

Fig. 10. De ning a 4-ary relation in DAML+OIL

IF
Distance-from-Snellen-char t.decimalvalueOD <0.8
OR
Distance-from-Snellen-char t.decimalvalueOl <0.8
OR
Abstracted-visual-line.difference>=2
THEN

ABSTRCT
Visual-acuity-using-no-pinhole.abstracted= ’'decreased’

Fig. 11. An example of a derivation rule




<daml:Class rdf:ID="DfSCOD-evaluation">
<daml:intersectionOf rdf:parseType="daml:collection">
<daml:Class rdf:about="#Distance-from-Snellen-Chart"/>
<daml:Restriction daml:cardinality="1">

<daml:onProperty rdf:resource="#decimalvalueOD"/>

<daml:hasClass rdf:resource= "http://aiff.usc.es/elchus/medicalontology/daml+oil-test-dt#under18"/>

</daml:Restriction>
</daml:intersectionOf>
</daml:Class>

<daml:Class rdf:ID="DfSCOIl-evaluation">
<daml:intersectionOf rdf:parse Type="daml:collection">
<daml:Class rdf:about="#Distance-from-Snellen-Chart"/>
<daml:Restriction daml:cardinality="1">

<daml:onProperty rdf:resource="#decimalvalueOl"/>

<daml:hasClass rdf:resource= "http://aiff.usc.es/elchus/medicalontology/daml+oil-test-dt#under18"/>

</daml:Restriction>
</daml:intersectionOf>
</daml:Class>

<daml:Class rdf:ID="AVLD-evaluation">
<daml:intersectionOf rdf:parseType="daml:collection">
<daml:Class rdf:about="#Abstracted-Visual-Line"/>
<daml:Restriction daml:cardinality="1">

<daml:onProperty rdf:resource="#diference"/>

<daml:hasClass rdf:resource= "http://aiff.usc.es/elchus/medicalontology/daml+oil-test-dt#equalorover18"/>

</daml:Restriction>
</daml:intersectionOf>
</daml:Class>

Fig. 12. Specifying an expressionin DAML+OIL

<daml:Class rdf:ID="Decreased Visual-Acuity-Evaluation”>

<daml:unionOf rdf:parseType="daml:collection”>
<daml:Class rdf:about="#DfSCOD-evaluation/>
<daml:Class rdf:about="#DfSCOI-evaluation”/>
<daml:Class rdf:about="#AVLD-evaluation”/>

</daml:unionOf>

</daml:Class>

Fig. 13. Specifying nested expressionsin DAML+OIL



<daml:ObjectProperty rdf:ID="Decreased-Visual-Acuity-Antecedent">
<rdfs:domain rdf:resource="#Decreased-Visual-Acuity-Abstraction"/>
<rdfs:range rdf:resource="Decreased-Visual-Acuity-Evaluation"/>
</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="Decreased-Visual-Acuity-Consequent">
<rdfs:domain rdf:resource="#Decreased-Visual-Acuity-Abstraction"/>
<rdfs:range rdf:resource="Abstracted-Visual-Acuity"/>
</daml:ObjectProperty>

<daml:Class rdf:about="Decreased-Visual-Acuity=Abstraction”>
<rdfs:subClassOf>
<daml:Restriction daml:Cardinality="1">
<daml:onProperty rdf:resource="Abstract Visual Acuity"/>-
</daml:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<daml:Restriction daml:Cardinality="1">
<daml:onProperty rdf:resource="#Decreased-Visual-Acuity-Antecedent"/>
</daml:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<daml:Restriction daml:Cardinality="1">
<daml:onProperty rdf:resource="#Decreased-Visual-Acuity-Consequent"/>
</daml:Restriction>
</rdfs:subClassOf>
</daml:Class>

Fig. 14. Specifying a derivation rule in DAML+OIL




of relations can be represerted in DAML+OIL. For our application, we can emphasizethat
DAML+OIL enjoys

{

{
{

Enough expressive power: Common relations in an object-oriented approach can be ex-
pressedin DAML+OIL.

Syntactic inter-operability: Both domain structures and data can be read easily.

Semartic inter-operability: The basic relations are represened in DAML+OIL unambigu-
ously, sothere is adirect connectionfrom a domain model to its represetniation in DAML+OIL.
But, the direct connection from DAML+OIL to the domain model is lost and it can-
not be easily reconstructed. However, it is very easyto extend the set of DAML+OIL
modelling primitiv eswith the neededmodelling primitiv es. These extensionsfacilitate the
re-engineeringof the domain model from just the represertation in DAML+OIL.

For example, our ontology usesa simple aggregation, which could be described by a mod-

elling primitiv e including a label, a class, a set of parts in the classand a cardinality. This
aggregationcould be mapped to DAML+OIL directly, asfollows:

{
{
{

{

De ning a new property namedthe label of the aggregation

Specifying the domain of the property asthe classin the aggregation

Specifying the range of the property asthe union of the classesmaking up the parts of the
aggregation

Adding a new restriction to the the classin the aggregation and specifying the required
cardinality.

Currently, we are revising the whole ontology with the aim to integrate the de nitions

and the semaric network specied in UMLS (Unied Medical Language System: "http://
www.nlm.nih.gov/research/umis/*).
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