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ABSTRACT

Semantic data transformation plays an important role in
realizing the vision of the semantic web. It supports the
transformation of data in different representations into on-
tologies. In order to allow the task to be achieved effec-
tively, the instructions on how to realize transformation
should be well specified, preferably in a declarative and re-
usable format, thus allowing the construction of robust tools
which on the one hand assist users to generate and maintain
mappings at design time and on the other hand perform
semantic data transformation at run time. Furthermore, the
transformation instructions should not only allow the gen-
eration of semantic data objects but also allow the creation
of rich semantic relations between them. In this context, we
developed a comprehensive instance mapping ontology.
One distinctive feature of the instance mapping ontology is
that it provides comprehensive support for the specification
of complex mappings. Another feature is that the instance
mapping ontology is representation independent, which
does not limit itself to data sources in particular representa-
tions. This ontology has been applied in generating a se-
mantic layer for the web site of the Knowledge Media Insti-
tute (KMi) at the Open University.

Categories and Subject Descriptors
1.2.4 Knowledge Representation Formalisms and Methods —
representation languages, semantic networks.

General Terms
Management, Languages

Keywords
Instance mapping, ontology mapping, mapping ontology,
semantic data transformation, semantic web

INTRODUCTION

The semantic web [1] is a vision of the next generation of
the World Wide Web in which information is given well-
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defined meaning understandable by machines as well as
humans. Even though there is still a way to go before this
vision is fulfilled, adding a semantic data layer to ordinary
web sites is an important step in the right direction. Sophis-
ticated services, such as semantic searching and semantic
indexing, can then be defined to provide easier access to the
underlying knowledge for both end users as well as applica-
tions. Hence, it is highly desirable that knowledge can be
extracted, verified, and integrated from the underlying het-
erogeneous sources. To achieve this goal, a crucial task is
to extract data from different data sources, which is to
transform data from different representations into the speci-
fied ontologies. This requires well specified transformation
instructions.

Firstly, the transformation instructions should be specified
in a declarative format, thus allowing the construction of
robust tools which on the one hand assist users to generate
and maintain mappings at design time by incorporating
automatic or semi-automatic mapping discovery technolo-
gies [2, 10] and on the other hand execute semantic data
transformation at run time by reasoning upon the mappings.
Secondly, the transformation instructions should not only
allow the generation of semantic data objects, but also al-
low the creation of rich semantic relations between them.
This enables the generation of rich knowledge networks in
the target ontology. Thirdly, the transformation instructions
should be representation language independent. Thus, a
data transformation engine can work on data in different
representation languages with minimum efforts of configu-
ration.

In the field of ontology mapping, a number of approaches
have been developed, which provide languages for specify-
ing mappings between ontologies [5, 9, 4, 6, 7]. Among
them, MAFRA [7] is the only approach which provides an
explicit ontology to support declarative specification of
mappings. The MAFRA mapping ontology provides com-
prehensive support for the specification of mappings be-
tween classes and slots in terms of ConceptBridge and At-
tributeBridge. However, one important mapping relation is
missing, which is the mapping that allows the generation of
relations between semantic data objects. Without this capa-
bility, the MAFRA mapping ontology can only produce
semantic data objects with few semantic relations.

In this work, we have developed a comprehensive instance
mapping ontology with special focuses on 1) the support for
the generation of semantic data objects with rich semantic



relations and ii) the support for data transformation in a
representation language independent manner.

The rest of the paper is organized as follows. We begin by
presenting an overview of the instance mapping ontology.
We then present an application of the instance mapping
ontology, which transforms data in heterogeneous represen-
tations into formalized knowledge for the web site of the
Knowledge Media Institute (KMi)' at the UK’s Open Uni-
versity. In particular, we present a number of examples
which illustrate the full specification support provided by
the instance mapping ontology. Thereafter, we describe the
related work and re-iterate the major contributions of this
work.
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Figure 1. An overview of the mapping ontology

AN OVERVIEW OF THE INSTANCE
MAPPING ONTOLOGY

Figure 1 shows an overview of the instance mapping ontol-
ogy whose constructs are described in table 1. The instance
mapping ontology relies on the following major constructs
to support the specification of mappings between source
schemas and the specified ontology:

e Ontology Mappings, which groups the specified in-
stance mappings together to allow the generation of
semantic data from different data sources.

e Instance Mapping, which expresses how to generate
instances for the associated target class from the source
data objects of the specified source class (or database
table).

e Instance Constraint, which describes constraints on the
data objects of the specified source class.

e SlotValueMapping, which specifies how to generate
values for the specified slots.

e DataSet, which describes how to access data sets that
hold source data objects or place the transformed se-
mantic data objects.

o  ConstraintExpression, which formulates constraints

! http://kmi.open.ac.uk

Table 1. Constructs of the instance mapping ontology

Construct Description Slots
OntologyMappings Grouping the map- e has-instance-mapping
ping instructions for
generating semantic

data entries.
InstanceMapping Describing how to  has-source-dataset

generate instances
from the specified
source data objects

 has-target-dataset
 has-source-class-name
 has-target-class-name
 has-instance-constraint
 has-slot-value-mapping
 has-correspondent-slot

InstanceConstraint Describing con-  has-constrained-source-
straints on the dataset
instances of the

specified source

 has-constrained-class-name
 has-constrained-expression

class
SlotValueMapping Expressing how to o has-target-slot
generate values for o values-from-slot
the specified targgt e values-from-existing-
slot from the speci- instances
fied sources .
o values-from-instances-to-be-
created
DataSet Describing how to © has-db-name

access databases,
knowledge bases, or
XML documents.

® has-db-url
 has-db-server

ConstraintExpression Expressing con-  has-constrained-slot-name
straints o has-constrained-operator
 has-constrained-value

o has-logic-operator

In the following sub sections, we will briefly describe the
support that the instance mapping ontology provides for
semantic data transformation, including i) the generation of
semantic data objects, ii) the generation of semantic rela-
tions, and iii) the representation language independent data
transformation. Such support will be illustrated in the next
section.

Support for the generation of semantic data

objects

Figure 2 illustrates the mechanism of semantic data trans-
formation supported by the instance mapping ontology.
Firstly, source data objects are extracted from the specified
source data set. Secondly, constraints are specified on
source data objects, which filter transformable data objects.
Thirdly, transformation instructions are defined which de-
scribe how to generate slot values for instances of the target
class. Finally, the transformed semantic data objects are
stored in the specified target data set.
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Source data sets and target data sets are specified in terms
of the construct DataSet. Constraints are expressed by the
construct InstanceConstraint. Slot value mappings are de-
scribed by the construct SlotValueMapping. Thus, as will
be illustrated later in the next section, an instance mapping
specification comprises four major parts: i) the source data
set and the source class whose instances are to be extracted
as source data objects, ii) the target data set and the target
class, iii) constraints on the source data objects, and iv) slot
value transformation instructions which express how to
generate values for the target semantic data objects (i.e.
instances of the target class).

Support for the generation of relations

between semantic data objects

Unlike the MAFRA mapping ontology, which only supports
a single way of mapping values for slots as discussed ear-
lier, our instance mapping ontology supports three ways of
generating values: i) from the specified slot of the source
data, ii) from existing instances which meet certain con-
straints, and iii) from instances which are to be generated in
the mapping process. In particular, the latter two ways sup-
port the generation of references between semantic entities.
This is supported by the construct SlotValueMapping.

Firstly, the construct SlotValueMapping relies on the slot
values-from-existing-instances to specify the instances
which will be referenced as values of the target slot in
forms of instance constraints. Secondly, the construct Sloz-
ValueMapping makes use of the slot values-from-instances-
to-be-created to express the situation when values of the
target slot need to be mapped from instances which in turn
need to be generated in data transformation. The data type
of the slot values-from-instances-to-be-created is the class
InstanceMapping, which means that a sub mapping is in-
voked when generating values for the specified target slot.
More specifically, the target instance of the sub mapping is
referenced as the values of the target slot. On the other
hand, as will be illustrated later, the sub mapping relies on

the slot has-correspondent-siot to reference the instance
that invokes this sub mapping. Thus, semantic relations are
established between the target instances of the sub mapping
and those of the mapping which invokes the sub mapping.

Support for representation language

independent data transformation

The instance mapping ontology relies on the construct
DataSet to describe how to access data sets involved in data
transformation (including source data sets and target data
sets) in terms of has-db-url, has-db-server, and has-db-
name. The slot has-db-url describes the location of the data
set; the slot has-db-server indicates the database server
(e.g., WebOnto [3] and MySQL?) which supports the man-
agement of the data set, and the slot has-db-name expresses
the name of the data set. Thus, a data transformation engine
is able to access, retrieve, and update data with the support
of functionalities provided by the specified database or
knowledgebase management system. In this way, the in-
stance mapping ontology supports data transformation in a
representation language independent way. However, in the
cases when there is no management system available for
accessing the specified data set, the data transformation
engine will have to provide such services.

AN APPLICATION

The KMi web site is a non-semantic web site, which pre-
sents information about our lab. The underlying data
sources are stored in departmental databases, knowledge
bases, and HTML pages. Specifically, the information
about people, technologies and projects is maintained in our
departmental databases. Information about publications is
stored in an internal knowledge base which also includes
other information about activities of lab members, such as
presentations given. In addition, the domain data also com-
prise an archive® of several hundred news items, describing
events of significance to the KMi members. In order to pro-
vide a deep insight into the events, information such as per-
sons, organizations, and projects needs to be pulled out and
made accessible.

In this work, we took the KMi web site as a study case and
applied the instance mapping ontology to specify the map-
ping instructions which allow the transformation of the un-
derlying data of the KMi web site into formalized knowl-
edge in terms of the specified domain ontology. Specifi-
cally, three major data sources need to be transformed,
which include 1) the XML [15] mark-ups produced by the
ESpotter [11] service when marking-up KMi news stories,
ii) records of projects and persons stored in departmental
databases, and iii) publications represented in another on-
tology called kmi-impact-ontology. The domain ontology is

2 http://www.mysql.com/ (Accessed 5 May 2005)
3 http://news.kmi.open.ac.uk/rostra/news.php?r=6&t=1 (Accessed 5 May
2005)
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built on the top of the AKT reference ontology*, which ab-
stracts information about personnel, projects, technologies,
events, etc.

The transformed knowledge of the KMi web site can be
accessed at http://semanticweb.kmi.open.ac.uk. A range of
sophisticated semantic search services have been defined,
which provide an easier access to domain knowledge. Ex-
amples include a semantic keyword searching service and a
semantic question answering service, which are accessible
from the above URL.

In this section, we illustrate the instance mapping ontology
by two examples. The first example is simple but shows the
specification skeleton of the instance mapping ontology.
The second one is more complex, which shows how our
instance mapping ontology provides comprehensive support
for the specification of complex mappings.

Transforming data from XML sources

The following XML code shows a fragment of the result of
the ESpotter service when marking up the news story titled
as First Summer School on Ontological Engineering and
the Semantic Web’.

<Planet-News-Page 1d="251">
<has-title>First Summer School on Ontological
Engineering and the Semantic Web </has-title>
<mentions-organization>
<instance>EPSRC</instance>

</mentions-organization>
<mentions-person>
<instance>Enrico Motta</instance>

</mentions-person>

</Planet-News-Page>

The target class is the class kmi-planet-news-item. The fol-
lowing OCML [8] code shows a fragment of the definition
of this class. As we can see from the definition of the target
class and the XML schema implied in the XML data object,
the mapping is fairly straightforward. Each source data ob-
ject needs to be mapped to an instance of the target class
without any constraint. The values of most target slots come
from the values of the attributes of the entity Planet-News-
Page.

(def-class kmi-planet-news-item (news-item)
((mentions—-person :type person)
(mentions-technology :type technology)
(mentions—-organization :type organization)
(mentions-project :type project)

)
The following OWL [13] code shows a skeleton of the
mapping specification. The specification comprises three

major parts. The first part defines source data sets and
specifies how to access them. The second part specifies the

# http://kmi.open.ac.uk/projects/akt/ref-onto/ (Accessed 5 May 2005)
Shttp://news.kmi.open.ac.uk/rostra/news.php?r=11&amp;t=2&amp;
1d=446 (Accessed 5 May 2005)

target data set. The third part includes specifications of how
to generate instances from source data objects.

<!-- part I: specifying source data sets —-->
<mo:DataSet rdf:ID="espotter-markup-document”>

<mo:has-db-url>file:/d:/espotter—
result/notification.xml</mo:has-db-url>

<mo:has-db-server>XML</mo:has—-db-type>

<mo:has-db-name>notification.xml</mo:has-db—-
name>

</mo:DataSet>

<!-- part II: specifying the target data set -->
<mo:DataSet rdf:ID="kmi-basic-portal-kb” >

<mo:has-db-url>plainmoor.open.ac.uk:3000

</mo:has-db-url>

<mo:has-db-server>webonto</mo:has-db-type>

<mo:has-db-name>kmi-basic-portal-kb</mo:has-db-
name>

</mo:DataSet>

<!-- part III: specifying instance mappings —-—>
<mo:InstanceMapping>

</mo:InstanceMapping>

As mentioned earlier, the specification of an instance map-
ping comprises four major parts. The first part specifies
source data objects. The second part describes the target
data set and the target class entity. The third part expresses
constraints, which in this example is empty, as each source
data object is mapped to the target ontology. The fourth
part describes how to generate values for the target data
objects from source data. The following code shows a
fragment of the specification of this instance mapping ex-
ample.

<mo:InstanceMapping rdf:ID="instance-mappingl” >
<!-- part I: the source data objects
—-—>
<mo:has-source-dataset
rdf:resource="#espotter-markup-document” />
<mo:has-source-class—name>Planet-News-Page
</mo:has-source-class—name>

<!-- part II: the target data set and the target
class entity —-->
<mo:has-target-dataset
rdf:resource="#kmi-basic-portal-kb”/>
<mo:has-target-class—name>kmi-planet-news—item
</mo:has-target-class-name>

<!-- part III: constraints. In this example, it is
empty ——>
<!-- part IV: slot value transformation instruc-—
tions ——>

<mo:has-slot-value-mapping
rdf:resource="#mentions-person-mapping"/>
</mo:InstanceMapping>

<mo:SlotValueMapping
rdf:ID="mentions-person-mapping”>
<mo:has-target-slot>mentions-person
</mo:has-target-slot>
<mo:values-from-slot>mentions-person
</mo:values-from-slot>
</mo:SlotValueMapping>
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Transforming data from sources in different

ontologies

As mentioned earlier, in the KMi web site, information of
publications is maintained in an internal knowledge base
called KMi-impact-kb in terms of the ontology kmi-impact-
ontology. In particular, all publications are represented by
means of the class Publications. The domain ontology of
the KMi web site on the other hand provides a very differ-
ent vocabulary. First, it classifies publications into different
classes, such as article-in-a-journal, paper-in-proceedings,
book-section, conference-proceedings, workshop-
proceedings, etc. Hence, publications in the source ontol-
ogy need to be transformed into instances of different
classes according to their specific features. For example, a
conference paper needs to be mapped to an instance of the
class paper-in-proceedings, while a journal paper needs to
be mapped to an instance of the class article-in-a-journal.
Second, there are a number of classes in the target ontology
which have semantic relations with these classes. They form
rich knowledge networks together. Figure 3 shows an ex-
ample network which is formed by a conference paper.

Figure 4 shows the mappings involved when mapping a
conference paper from the source ontology to the target
ontology. The mapping im/ is the main instance mapping,
which describes how to transform a conference paper in-
stance into an instance of the class paper-in-proceedings.
The transformable source instances must be conference
papers. Hence, there is a constraint defined in this mapping,
constraining values of the slot conference-name of the
source instances not to be empty. Other mappings shown in
figure 4 are sub ones which are invoked when generating
values for those slots whose values come from instances
that need to be generated through the specified further in-
stance mappings. Table 2 describes the major mappings
involved in transforming a conference paper from the on-
tology kmi-impact-ontology to the KMi semantic web por-
tal ontology. Some slots’ values are directly mapped from

included-in-publication

published-proceedings

the slots of the source class. Others are generated from fur-
ther mappings.

The mapping im?2 is invoked when generating values for the
slot has-publication-reference in mapping im/. On the one
hand, the generated instance of im2 will be referenced as
one value of the slot has-publication-reference of the target
instance of the mapping im/. On the other hand, the target
instance of the mapping im/ serves as the value of the cor-
respondent slot specified in im2 which is the slot refers-to-
publication. Thus, the semantic relations between these
target instances are established.

The mapping im3 is invoked when generating values for the
slot included-in-publication in im1. This mapping is an n./
mapping. This is because a number of conference papers
may be published in the same conference, and thus should
be included in the same conference proceedings. Hence, the
mapping im3 produces a new instance for the class Confer-
ence-proceedings for the specific conference only when the
instance does not exist. Otherwise, it adds the instance of
the conference paper as one value of the slot contains-
publication, which is the correspondent slot of this sub
mapping.

Mappings im4 and im5 are invoked by the mapping im3
when mapping the values for the slot has-publication-
reference and the slot refers-to-event. Like the mapping
im3, these mappings are also n:/ mappings.

Now let us investigate two conference papers kmi-impact-
item-552 and kmi-impact-item-897 stored in the source data
set. Both of them are published in the second International
Conference of Knowledge Capture (KCAP-2003). Hence,
there should be only one instance generated for each of the
conference related classes, including conference-
proceedings, conference-proceedings-reference, and con-

ference. Figure 5 shows the mapping result of these two

papers.

Conference
A

refers-to-event

Paper-in-proceedings

v
> conference-proceedings

contains-publication A

has-publication-reference | | refers-to-publication

Paper-in-proceedings-reference

has-publication-reference

refers-to-publication

v

Conference-proceedings-reference

Figure 3. The relations of the class paper-in-proceedings with other classes in the target
ontology from a conference paper’s point of view



An instance of the class
Conference-proceedings-reference

im4 —n:1 An instance of the class
im 1 Conference-proceedings
a conference paper in the im1-1:1 An instance of the class

kmi-impact-kb Paper-in-proceedings

An instance of the class
im5 = n:1 Paper-in-proceedings-reference

An instance of the class
Conference

Figure 4. Mappings involved when mapping a conference paper in the source ontology to the
target ontology

| Paper-in-proceedings-kmi-impact-item-552 | | Paper-in-proceedings-kmi-impact-item-897

0 [

| Paper-in-proceedings-reference-kmi-impact-item-552 || Conference-proceedings-KCAP-2003

| Conference-KCAP-2003 | | Conference-proceedings-reference-KCAP-2003 |

Figure 5. The mapping result of two papers which are both published in the conference KCAP-2003

Table 2. The major mappings involved in transforming a conference paper from the ontology kmi-impact-ontology to
the KMi semantic web portal ontology

Instance Target class Source Constraints on | Target slot Values from Correspondent slot
mapping Class source instances® (only applicable for
sub mappings)
iml Paper-in-proceedings Publications The value of the slot | has-title The source slot has-title n/a
conference-nam
should not be has-first-author The source slot first-author
empty. has-other-authors The source slot other-authors
has-publication- The sub mapping im2
reference
Included-in- The sub mapping im3
publications
im2 Paper-in-proceedings- Publications n/a has-title The source slot has-title refers-to-publication
fe
reference has-first-author The source slot first-author
has-other-authors The source slot other-authors
has-place-of- The source slot geographical-
publication location
im3 Conference- Publications n/a has-publication- The sub mapping im4 Contains-publication
proceedings reference
refers-to-event The sub mapping im5
im4 Conference- Publications n/a has-place-of- The source slot geographical- refers-to-publication
proceedings-reference publication location
im5 Conference Publications n/a has-pretty-name The source slot conference-
name

© The constraints on sub mappings are implicit, as they work on those instances which invoke them.



RELATED WORK

As mentioned earlier, several approaches have been devel-
oped, which provide languages for specifying mappings be-
tween ontologies. Examples include Piazza [4], Madhavan et
al. (2002) [6], and MAFRA. Among them, the MAFRA se-
mantic bridging ontology is the closest one to our instance
mapping ontology. As illustrated earlier, the MAFRA seman-
tic bridging ontology is not as comprehensive as our ontol-
ogy, as one important mapping relation is not captured, which
allows the generation of slot values from instances. As a con-
sequence, the transformed semantic data objects of the
MAFRA mapping ontology contain few semantic relations.
This makes the results less useful. Another difference be-
tween the MAFRA mapping ontology and our instance map-
ping ontology is that the MAFRA mapping ontology does not
support the specification of the associated data sets. Thus,
data transformation (or integration) engines will have diffi-
culty accessing them without the help of further specification.

Piazza provides a language for mediating between data
sources represented in XML and RDF [14]. Unlike the Pi-
azza language, our instance mapping ontology does not
limit itself to any particular representations. Another differ-
ence between the Piazza mediating language and the in-
stance mapping ontology is that the Piazza mediating lan-
guage is a query-based language which relies on queries to
specify how to map data objects from source representa-
tions. Thus the specification is not declarative, and thus
very hard to re-use and maintain. Finally, as the Piazza me-
diating language focuses on mediation, it does not address
the generation of rich semantic relations between instances.

Madhavan et al (2002) proposed a framework for defining
languages for specifying mappings. It is very different from
our instance mapping ontology, as the framework focuses on
the mapping of classes and concepts while ours concentrates
on the mapping of instances.

The approach proposed by Stojanovic et al (2002) [11]
addresses the transformation of data objects from relational
database schemas into ontologies. It relies on a set of rules
to achieve its task. However, no explicit vocabularies are
provided to support the representation of mappings. The
generation of semantic relations between the transformed
ontologies has also not been addressed.

Finally, the semantic standard language OWL provides
constructs to allow the specification of ontology mapping,
e.g., equivalentClass, equivalentProperty, sameAs, differ-
entFrom, and AllDifferent. These constructs are only able to
specify simple mappings between concepts and instances. It
can not be used to specify mappings that allow the trans-
formation of data from one ontology to another.

CONCLUSIONS

In this paper we have presented an instance mapping ontol-
ogy which provides comprehensive support for the trans-

formation of data objects from source representations into
ontologies.

Firstly, the instance mapping ontology allows the specifica-
tion of mappings to be represented in a declarative and re-
usable format. Thus, robust tools can be constructed which
on the one hand assist users to generate, discover, and
maintain mappings at design time and on the other hand
perform semantic data transformation at run time.

Secondly, the instance mapping ontology captures the com-
plex mapping relations that are required to transform data
from different representations into the target ontology. It
distinguishes three ways to generate values for slots of the
target instances, including i) from the values of source slots,
i) from existing instances, and iii) from the instances that
are to be created in further mappings. In particular, the lat-
ter two ways support the generation of rich semantic rela-
tions between the target instances.

Finally, the instance mapping ontology is representation
independent. This is supported by the construct DataSet
which allows the specification of how to access the source
data sets and the target data set. Thus, a data transformation
engine is able to access data sets with the support of func-
tionalities provided by the specified database or know-
ledgebase management system. However, in the cases when
there is no management system available for accessing the
specified data set, the data transformation engine will have
to provide such services.

As discussed earlier, the instance mapping ontology has
been applied in the KMi web site, transforming the underly-
ing heterogeneous data sources into the specified domain
ontology. The transformed semantic data can be accessed at
http://semanticweb.kmi.open.ac.uk.
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