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1. Introduction

During last two decades usage of ontologies in the field of computer science has been rapidly
increased. First attempts of using ontologies were in subfields of artificial intelligence related
to researches in knowledge engineering, natural language processing and knowledge
representation. At the end of 1990s ontologies started to propagate in other subfields, like
intelligent information integration, information retrieval from the Internet, knowledge
management, later also in e-commerce, Semantic Web and other. The most important step in
ontology evolution is development of in 2004 [1]. Development of Web Ontology Language
(traditionally, abbreviated as OWL) together with many tools for ontology construction (e.g.,
Protégé, WebODE etc.) made ontologies quite widespread. In the Internet there are more than
33 000 ontologies encoded in OWL (searched using www.google.com in September, 2007).

Taking into account obvious similarities between ontologies and concept maps the research
of ontology transformation into concept map is undertaken. Concept map generation from
existing OWL ontologies could reduce workload of teachers who use concept maps in
teaching process, for example, for knowledge assessment. The transformation offers to
teachers an initial concept map created automatically, and he/she only needs to refine it
according to their requirements, extending or narrowing it.

This paper describes the initial phase of the research where corresponding elements of
ontology and concept map are identified. The remaining of the paper is organized as
following: in Section 2 definitions and clarification of terms and concepts used in this paper is
given. Then in Section 3 mappings between OWL language constructs and elements of
concept map are demonstrated. In Section 4 the experiment of applying proposed mappings is
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described. Section 5 is dedicated to related work in OWL ontology transformation, and
finally, future work and some conclusions are outlined.

2. Background

In this chapter main terms used in this paper are clarified and definitions are given:

e (Concept maps are graphs, which include concepts as nodes and relations between them as
arcs. Sometimes so called linking phrases are used. Usually, concept maps are represented
as hierarchies with most general concepts at the top of the map and more specific concepts
are placed at the lowest levels [2]. Concept maps can have different topologies, such as
linear, circular, hub/spoke, tree, network/net [3].

e An ontology after one of its definition [4] “is a formal explicit description of concepts in a
domain of discourse (classes (sometimes called concepts)), properties of each concept
describing various features and attributes of the concept (slots (sometimes called roles or
properties)), and restrictions on slots (facets (sometimes called role restrictions))”.
Ontologies can be different according to their expressiveness, beginning with simple
vocabularies and taxonomies, ending with ontologies containing formal restrictions and
constraints [5].

e Web Ontology Language (OWL) is ontology language, used to define ontology for
particular domain. OWL ontology is a set of axioms describing classes, properties, and
relationships between them. OWL language provides more features than RDFS (Resource
Description Framework Schema) for defining ontology elements. OWL ontologies use
RDF/XML (Resource Description Framework)/(eXtended Markup Language) syntax [6].

3. Mapping between OWL ontology elements and concept map elements

Based on analysis of OWL language syntax [1, 6, 7] and already existing OWL ontologies
corresponding elements of OWL ontology and concept map are gained. In the Table 1 the
results of analysis are given. The table contains elements of OWL and corresponding
elements of concept map. The OWL elements which are not related with a concept map are
omitted, e.g., cardinality restrictions, which don’t have impact to the concept map structure,
OWL constructs such as owl:versionInfo which describes the version of the particular
ontology, owl:backwardCompatibleWith which contains reference to another ontology
identifying the specified ontology as a prior version of the containing ontology, and further
indicates that it is backward compatible with it which is prior version, etc. The elements,
which are not unambiguous understandable without examples, are also omitted in the Table 1.
They are described with examples after the table.

Table 1. OWL elements with corresponding concept map elements

# OWL element Concept map element
1. owl:AllDifferent Concept
2. owl:allValuesFrom Concept
3. owl:Class Concept
4. owl:complementOf Concept
5. owl:DataRange Concept
6. owl:DatatypeProperty Concept
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# OWL element Concept map element
7. owl:DeprecatedClass Concept
8. owl :DeprecatedProperty Link
9. owl:differentFrom Concept
10. | owl:disjointwith Concept
11. | owl:distinctMembers Concept
12. | owl:equivalentClass Concept
13. | owl:equivalentProperty Link
14. | owl:FunctionalProperty Concept
15. | owl:intersectionOf Concept
16. | owl:inverseOf Link
17. | owl:inverseFunctionalProperty | Concept
18. | owl:Nothing Concept
19. | owl:0bjectProperty Link
20. | owl:oneOf Concept
21. | owl:someValuesFrom Concept
22. | owl:SymmetricProperty Link
23. | owl:Thing Concept
24. | owl:TransitiveProperty Link
25. | owl:unionOf Concept

With mappings between OWL elements and corresponding elements of concept maps are
not enough to implement software for ontology transformation into concept map. It is not
enough because in OWL ontology there can be used also RDF and RDFS elements, as well as
the same elements of ontology can be described in different ways. Therefore further in this
section several listings of OWL code, comments about them, and corresponding concept maps
are given. In the Figure 1 basic elements of OWL listing are shown. Each element of the
ontology is described using XML syntax. The type of the element is described with the XML
element name, for example, owl:Class,
etc. After the XML element name follows the identifier of the element given by the user. In
the XML element name tag additional information about the element can be placed, like,

owl:DatatypeProperty,

comments, hierarchal information, restrictions, cardinality etc.

XML element
name

Class
identifier

<owl:Class rdf:ID="Concept">
<rdfs:comment> The OWL class of concepts.</rdfs:comment> Defining

<rdfs:subClassOf rdf:resource="#Domain"/>
I_'_I

</owl:Class>
I_'_I

Namespace
prefix

The identified mappings between OWL ontology and concept map are listed below. The
listings of OWL code are followed by graphical representation of corresponding concept map

element or elements.

Superclass

the "Concept"
class in OWL

Figure 1. Example of OWL syntax

82

owl:0ObjectProperty



e (lass “C” is defined.

<owl:Class rdf:ID="C">
</owl:Class>

or S>> c
<rdf:Description rdf:about="#C">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#Class"/>
</rdf:Description>

e Reference to class “C”.
<owl:Class rdf:about="#C"> zg:::::§;> c
</owl:Class>

e C(lass “SC” is superclass of class “C”. The link between class and superclass is oriented
and labelled with “is a”.

<owl:Class rdf:ID="C">
<rdfs:subClassOf rdf:resource=

"#sC"/>
</owl:Class> EE:::::§:> c is a sc
or

<owl:Class rdf:ID="C">
<rdfs:subClassOf>
<owl:Class rdf:ID="SC"/>
</rdfs:subClassOf>
</owl:Class>

or
<owl:Class rdf:ID="C">
<rdfs:subClassOf>
<owl:Class rdf:about="#sC"/>
</rdfs:subClassOf>
</owl:Class>

e C(Class “C” has two superclasses “SC1” and “SC2”.

[sm][sozj
<owl:Class rdf:ID="J">

<rdfs:subClassOf rdf:resource="#VK1"/> .

<rdfs:subClassOf rdf:resource="#VK2"/> zg:::::§>> isa Isa

</owl:Class>
/ llIIIiIII'

e “I” is instance of class “C”. The link between instance and class is oriented and
labelled with “instance of™.

<C rdf:ID="1I"/>

or E instance of c
<C rdf:ID="1I">

</C>

e Alternative name or human understandable name of class “C1” is “Class”. Thus the
synonyms can be defined. If the rdfs:1abel is replaced with rdfs:comment then
more descriptive text can be added as well as link to external source or file can be
attached.

<owl:Class rdf:ID="C1"> m
<rdfs:label>Class</rdfs:label> zg:::::§>>
</owl:Class> C1
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e Alternative name of the class “C1” is “Class” and datatype for the label is defined.

<owl:Class rdf:ID="C1">

<rdfs:label m
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string"> zg::::i;>
Class</rdfs:label> C1
</owl:Class>

e The class name in different languages.

<owl:Class rdf:ID="C1">
<rdfs:label xml:lang="en">The class</rdfs:label> E M
<rdfs:label xml:lang="de">die Klasse</rdfs:label>

</owl:Class>

e C(Classes “C1” and “C2” are equivalent or the same — synonyms.

<owl:Class rdf:ID="C1">
<owl:equivalentClass>

<owl:Class rdf:ID="C2"/>
</owl:equivalentClass> n
</owl:Class> zg::::§;>
Or
<owl:Class rdf:ID="C1l">

<owl:sameAs rdf:resource="#C2"/>
</owl:Class>

e The relationship “links” between classes “From” and “To”. In OWL language semantic
relationship between two classes or instances is called object property.

<owl:ObjectProperty rdf:ID="links">
<rdfs:domain rdf:resource="#From"/> From links To
<rdfs:range rdf:resource="#To"/>

</owl:ObjectProperty>

e Class “C” has property “issueDate” with defined datatype Date. In OWL language the
relationship between class/instance and datatype (build-in XML Schema datatype) is
called datatype property. In concept map datatype property is represented as the
concept with the link “has property” to the concept which is characterized by it, and the
property concept is linked to the datataype concept with the link “has type”.

<owl:DatatypeProperty rdf:ID="issueDate">

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

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchemaf#date"/>
</owl:DatatypeProperty>

has propert has type

e “I”is instance of class “C” (see, previous paragraph) and property’s “issueDate” value
is specified as “1970-01-01". In concept map the link between property and its value is
labelled with “has value”.
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<C rdf:ID="I">
<issueDate rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">
1970-01-01
</issueDate>
</C>

has propert has type
property issueDate ida Date
A

instance of

has property . has value
| issueDate 1970-01-01

e Datatype properties can have predefined values.

<owl:DatatypeProperty rdf:ID="property">
<rdfs:range>
<owl:DataRange>
<owl:oneOf rdf:parseType="Resource">
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>1</rdf:first>
<rdf:rest rdf:parseType="Resource">
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>2</rdf:first>
</rdf:rest>
</owl:oneOf>
</owl:DataRange>
</rdfs:range>
</owl:DatatypeProperty>

property

has value

¢

e Property has restriction on value range.

<owl:Restriction>
<owl:onProperty rdf:resource="#property"/>
<owl:allValuesFrom rdf:resource="#Value"/>

</owl:Restriction>
or property
<owl:Restriction>
<owl:onProperty rdf:resource="#property" /> has value
<owl:someValuesFrom rdf:resource="#Value"/> v
</owl:Restriction>
Or
<owl:Restriction>
<owl:onProperty rdf:resource="#property"/>

<owl:hasValue rdf:resource="#Value"/>
</owl:Restriction>
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e Object property as well as datatype property can be functional properties, but it doesn’t
impact representation of concept map.

<owl:FunctionalProperty rdf:ID="1links">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#0ObjectProperty"/>
</owl:FunctionalProperty>

or
<owl:FunctionalProperty rdf:ID="1inks">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#DatatypeProperty"/>
</owl:FunctionalProperty>

e Inverse functional property can be only object property.
<owl:InverseFunctionalProperty rdf:ID="1links">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#ObjectProperty"/>
</owl:InverseFunctionalProperty>

e Inverse property describes object property with opposite direction.
<owl:ObjectProperty rdf:about="#isLinked"> links
<owl:inverseOf rdf:resource="#links"/> zg:::::§>> From isLinked To
</owl:0ObjectProperty>

e Symmetric property describes object property where link is bidirectional.

<owl:SymmetricProperty rdf:ID="links">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#0ObjectProperty"/>
<rdfs:domain rdf:resource="#Cl"/>
<rdfs:range rdf:resource="#C2"/>

</owl:SymmetricProperty>

e Transitive property describes object property. Property “links” links class “C1” with
class ”C2” and class “C2” with class “C3”, and as “links” is transitive property then
also “C1” “links” “C3”.
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<owl:Class rdf:ID="C1">
<links>
<owl:Class rdf:ID="C2"/>
</links>
</owl:Class>

<owl:Class rdf:ID="C3"/>

<owl:Class rdf:about="#C2">

<links rdf:resource="#C3"/>
</owl:Class>
<owl:TransitiveProperty rdf:ID="1inks">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#ObjectProperty"/>
</owl:TransitiveProperty>

or

<owl:Class rdf:ID="C1">

<links rdf:resource="#C2"/>
</owl:Class>

<owl:Class rdf:ID="C3"/>

<owl:Class rdf:ID="C2">
<links rdf:resource="#C3"/>
</owl:Class>

<owl:TransitiveProperty rdf:ID="1links">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#0ObjectProperty"/>
</owl:TransitiveProperty>

e Properties “p1” and “p2” are equivalent or the same— synonymes.

<owl:ObjectProperty rdf:ID="pl">
<owl:equivalentProperty rdf:resource="#p2"/>

</owl:0ObjectProperty> o
<owl:ObjectProperty rdf:ID="pl">

<owl:sameAs rdf:resource="#p2"/>
</owl:0ObjectProperty>

4. Laboratory experiment

The laboratory experiment was done to check appropriateness of proposed assumptions about
OWL elements correspondence to elements of concept maps. Ten freely at Internet available
ontologies encoded in OWL were chosen for the experiment (see, Table 2). All ontologies
were related to computer science and information technologies. Swoogle Semantic Web
search engine [8] developed by Google was used to search ontologies. This search engine was
chosen because it searches within ontologies to find specified keywords as classes of
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ontology, not only simple text matching. Using other search engines there were found
ontologies were specified keywords are in comments and in other file describing parts.

Table 2. Characteristics of ontologies used in case study

Number of
S| =«
# Ontology’s web site Topic S 2 .‘g 2
235 2| 5|
= 0| & |8
1. | http://didaskon.corrib.org/download/ARSI06 19 LOO | Learning objects | 39 50 | 70 | 27
2006 07 20 FC.owl
2. | http://ontology.ihmc.us/Computing/Computing Computer 5 9 |7 |-
Entity.owl
3. | http://geobrain.laits.gmu.edu/ontology/2004/03/fgdc- Data quality 54 19 |59 | -
RS extension-data quality.owl
4. | http://metacognition.info/ontologies/FtssConfig.owl 4Suite 16 7 126 |-
repository
5. | http://monet.nag.co.uk/cocoon/monet/publicdocs/ Hardware 5 21 |4 |-
ontologies/hardware.owl
6. | http://www.ksl.stanford.edu/DAML/laptops.owl Laptops 32 42 136 | 12
7. | http://bw.rulez-forever.com/onto/mdom.owl Artificial 51 30 |22 | 14
intelligence 3
8 http://www.atl.Imco.com/projects/ontology/ontologies/ | Networks 5 27 15 |-
network/networkA.owl
9. | http://www.itee.uq.edu.au/~dwood/ontologies/sec.owl Software 21 13 129 |-
engineering
10. | http://monet.nag.co.uk/cocoon/monet/publicdocs/ Programming 11 22 14 |-
ontologies/software.owl languages

In the experiment there was made manual transformation from chosen ontologies to
concept maps using identified mapping between ontology code elements and concept map
elements. For example concept map generated from Network Ontology the ontology #8 is
shown in Figure 2.

Cable Is a—— Equipment le—Is a SecurityEquipment  Latls a HardwareFirewall
Is 1Y

Isa

a
Is a
i Isa
\@ra.gh(ThroughCaba ~ConnectedTo
N a HardwareSniffer
CoaxCable NetworkNode s
ConnectedWith SwitchEquipment s a
Isa Isa

-
[ NodePair /g Software D:Is Isa h
Isa

Is a Isa
OperatingSystem OfficeSoftware Is & \
Is | Server
sa
SSHServer
WebServer
OtherSoftware

CrossOverCable NodeA
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Figure 2. Concept map generated from Network Ontology

Conclusions from derived concept maps are following:

e The proposed mapping principles are successfully applicable for concept map
generation from ontology.

e The proposed mappings should be refined with additional mappings for such OWL
constructs as owl:Restriction, owl:differentFrom, because these constructions
are used in ontology to extended class definitions.

Concept map representation problems have appeared in such cases:
e if the ontology has Boolean operations on classes (owl:unionOf,
owl:intersectionOf, owl: complementOf) to define new class;
e if the ontology has a hierarchy of properties;
e if the ontology has several namespaces defined or imports other ontology, the
problem occurs in concept naming (<owl:Class
rdf :about=http://owl.protege. stanford.edu#Wireless-Network-Card/>).

All emerged problems can be solved by defining additional mappings OWL ontology to
concept maps, and appropriate constraints and conditions to their usage.

5. Related work

Study of literature related to OWL ontology transformation showed that the basic technology
for ontology transformation to other formats is usage of metamodels. There already exist
metamodels for mapping from UML (Unified Modelling Language) to OWL, from OWL to
UML, from OWL to Topic Maps, from Topics Maps to OWL, from OWL to Common Logic
within Meta-Object Facility Query/View/Transformation framework [9, 10]. Transformation
from UML to OWL can be done using XSLT (Extensible Stylesheet Language
Transformations) document which contains transformation rules [10] or Description Logics
[11]. Transformation from OWL to UML is also supported by software [12]. Other ontology
transformations are related to enterprise ontology transformation to conceptual data model
[13, 14], business rules [15] and relational database [16].

6. Future work

Future work is related to implementation of proposed transformation into a software
application. The closest tasks are to refine current informal mapping between ontology and
concept map, to make formal transformation algorithm and to define metamodels for
clearness and convenience of transformation.

At the beginning of implementation the author should choose application programming
interface (API) developed to access OWL ontologies. Currently, there exist three APIs for
OWL, i.e., Jena [17], OWL API [18] and Protégé OWL-API [19]. Actually, the author should
choose between Jena and Protégé OWL-API, because they have better documentation and are
more often used than OWL API. At the present moment it seems that Jena is more suitable
not only because it is used in Protégé OWL-API and ontology construction tool Protégé to
access reasoners, but also it is applicable to DAML (DARPA Agent Markup Language) and
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RDFS ontology languages. More studies of literature and practical experiments are needed to
make final decision.

Further tasks are connected with software implementation and testing, as well as
integration in already developed knowledge assessment system based on concept maps [].

7. Conclusions

Defined mappings between OWL ontology elements and elements of the concept map were
checked applying them manually to existing ontologies. During applying proposed mappings
there were found some incompleteness mainly connected with usage of namespaces and
imports of other ontologies. Manual transformation showed that there are problems with
representation of concept maps if Boolean operations to OWL classes are used to define other
classes. The same problems occurred at representation of inheritance and a hierarchy of
properties. Discovered drawbacks can be solved by additional mappings and conditions on
their usage. For clearness of mappings metamodels of concept maps and OWL ontologies
should be defined.

The concept maps derived from ontologies proved quite good, therefore they or parts of
them can be used as teachers’ concept maps in already developed knowledge assessment
system based on concept maps [20].
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Graudina V. OWL ontologiju transformacija jedzienu tiklos

Sis raksts ir veltits ontologiju transformdcijai jédzienu tiklos. Ontologijas kluva plasi izplatitas, kad 2004. gada
tika izstradata timekja ontologiju valoda OWL (Web Ontology Language) un virkne ontologiju veidoSanas riku.
Nemot véra acimredzamas lidzibas starp ontologijam un jedzienu tikliem un valoda OWL izstradato pieejamo
ontologiju skaitu, ir uzsakts pétijums par ontologiju izmantoSanu jédzienu tiklu SeneréSanai. ST pétijuma
rezultata ir planots izstradat programmatiiru OWL ontologiju transformdcijai jédzienu tiklos, lai atvieglotu
pasniedzéju darbu, kas jédzienu tiklus izmanto zinasanu vértéSand. Saja raksta ir aprakstita pétijuma sakuma
faze, kurd tiek identificéti atbilstosSie OWL ontologijas un jédzienu tikla elementi. Attelojums starp OWL valodas
konstrukcijam un jédzienu tikla elementiem ir aprakstits Saja raksta. Definétie attélojumi ir parbauditi manuali
pielietojot tos eksistéjosam ontologijam. Raksta ir attélots ari viens no iegiitajiem jédzienu tikliem. Atklatas
attelojumu nepilnibas ir aprakstitas. Manuala transformdcija atkldja, ka ir problémas ar jédzienu tiklu elementu
atspogujoSanu gadijumos, kad Biila operacijas tiek lietotas klases definésana. Lidzigas problemas rodas art
atspogulojot ipasibu mantoSanu un hierarhiju.

Graudina V. OWL ontology transformation into concept map

This paper is dedicated to ontology transformation into concept maps. Since development of Web Ontology
Language (OWL) in 2004 and many tools for ontology construction, ontologies have become quite widespread.
Taking into account obvious similarities between ontologies and concept maps and number of available OWL
ontologies, the research of ontology usage for concept map generation is undertaken. As the result of this
research would be software for OWL ontology transformation into concept maps to reduce workload of teachers
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who use concept maps for knowledge assessment. This paper describes initial phase of research, where
corresponding elements of ontology and concept map have been identified. Mappings between OWL language
constructs and elements of concept map are proposed in this paper. Defined mappings have been checked by
applying them to existing ontologies manually. One of the manually created concept maps is shown in this
paper. Incompleteness of proposed mappings discovered has also been described. Manual transformation
showed that there were problems with representation of concept maps in case Boolean operations were used to
define other classes. The same problems occurred while representing inheritance and hierarchy of properties.

I'paynuns B. Tpanchpopmauus OWL-oHTO/I0THIi B KapThHI NOHATHH

Jannas paboma noceauena meme mpancghopmayuu onmonozutl 6 kapmol noussmuii. C momenma pazeumust Web
Ontology Language (OWL) (A3vixa Cemegvix Onmonoeuii) 6 2004 200y u MHO2UX UHCMPYMEHMOE OJ1 CO30AHUSL
OHMMONIO2ULl, OHMONO2UU CMATU BeCbMA PACNPOCMPAHEHHLIMU.  Yuumvieas s6HOe CXO0CMBO  MedHcOy
oHmonoZUUAMY U Kapmamu nousmuu u uyucio oocmynnvix OWL omwmonocuu, nposedeno ucciedosaue
UCNONB308AHUA OHMONO2UU 6 CO30aHUU Kapm nousmui. Pesynemamul emozo uccredoganus 0Oyoym
UCNONIL308AHHBL O/ CO30AHUL NPOSPAMMHO20 OOecneueHus NpeoHa3HauyeHHo2o 0as mpaucgopmayuu OWL
OHMOJIO2ULL 8 KAPMbl NOHSIMUL C YEIbl0 YMEHbULUMb HAZPYCKY npenadasumernell, KOmopule UCHOIb3YIOM KAphibl
nouaAmuil 011 NPOBEpKU 3HAHUL CMYOeHmos. Jlannas paboma onucvléaem HA4aAabHYIO Ga3y ucciedosanus, 6
KOMOPOU CONOCMAGIAIOMCS INEMEHMbl OHMOAO2UU U Kapm noHsmuil. B Oannoii pabome npedcmaeieno
omobpasicenue koncmpykyuti sizvika OWL na snemenmol xapmol nowsmuti. Tonyunnsle omobpadicenvie O6bLI0
NPOBEPEHO Nymem UX NPUMEHEHUs K Yoice CYUecmeylouuM OHMOIO2USIM, Makdice 6 pabome ONUCAHbL
HeOOCMamKu U Hedopabomku npeonoxicenHvlx omoopaxcenue. OOHA U3 NOJIYYEHHBIX GPYUHYIO KAPM NOHAMUL
npeocmagnena 6 cmamve. Manyanvhas mpanc@opmayus 6biasuia npoodiemsvl céa3aHHble ¢ Npeocmaesienuem
Kapm NOHAMUL 8 CRYYAsAX, Ko20a Osi OnpedeieHus Opy2ux Kidaccos ucnoavsosanucb bynesckue onepayuu.
Jlannas npobnema maxoice NPosGALACy NPU NPEOCMABIeHUU HACIEO08AHUS U UEPAPXUU CEBOLICME.
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