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Abstract. Several data quality management (DQM) tasks like duplicate detection
or consistency checking depend on domain specific knowledge. Many DQM ap-
proaches have potential for bringing together domain knowledge and DQM meta-
data. We provide an approach which uses this knowledge modeled in ontologies in-
stead of aquiring that knowledge by cost-intensive interviews with domain-experts.
These ontologies can directly be annotated with DQM specific metadata. With our
approach a synergy effect can be achieved when modeling a domain ontology,
e.g. for defining a shared vocabulary for improved interoperability, and performing
DQM. We present five DQM applications which directly use knowledge provided
by domain ontologies. These applications use the ontology structure itself to provide
correction suggestions for invalid data, identify duplicates, and to store data quality
annotations at schema and instance level.

1 Motivation and Goal

Data Quality Management (DQM) approaches report on the quality of data mea-
sured by defined data quality dimensions and, if desired, correct data in databases.
DQM relies on domain knowledge for detecting and possibly correcting erroneous
data, as data without its definition cannot be interpreted as information and is there-
fore meaningless. On the one hand, DQM approaches like [9] or [1] define phases
where domain experts provide their knowledge for further utilization in the DQM
process. On the other hand, there are domain ontologies, i.e. formal specifications of
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conceptualizations of certain domains of interest, that already provide such knowl-
edge but remain unused in the DQM context. Our contribution is to directly use the
knowledge provided by domain ontologies in the DQM context in order to improve
the DQM’s outcome.

This contribution is structured as follows: Firstly, we will discuss work related
to this topic and secondly describe our approach which directly uses the knowledge
provided by domain ontologies in the context of DQM in detail by presenting five ap-
plications, namely consistency checking, proactive management of consistency con-
straints, duplicate detection, metadata management, and semantic domain modeling.
Finally, we will draw some conclusions and point out further work on this topic.

2 Related Work

Little work has been done on the field of using ontologies for DQM. Existing ap-
proaches can be divided into two major classes:

The first application of ontologies in the case of DQM is management of data
quality problems and methods. The OntoClean Framework has been introduced in
[20]. It provides a template for performing data cleaning consisting of several steps
like building an ontology, translating user goals for data cleaning into the ontology
query language, and selecting data cleaning algorithms.

The second application of ontologies is the use of domain ontologies. They pro-
vide domain specific knowledge needed to validate and clean data. This allows for
detecting data problems, which could not be found without this knowledge. To the
best of our knowledge, only [15] and [13] use domain ontologies in this way.

We extend these approaches by annotating domain ontologies with DQM-specific
metadata which we show in the following section by presenting five DQM-
applications that further include the usage of algorithms of the data mining domain.

3 Multiple Utilizations of Domain Ontologies for DQM

To show the advantages of using ontologies in the context of DQM and emphasize
the usefulness of our approach to improve the outcome of DQM we present five
applications of domain ontologies in that context: consistency checking, proactive
management of consistency constraints, duplicate detection, metadata management,
and semantic domain modeling.

3.1 Context-Sensitive Inconsistency-Detection with Ontologies

Data cleaning is often performed when data has to be integrated into a database. Data
cleaning consists of the detection and removal of errors and inconsistencies from data
[16]. We use domain specific knowledge to detect inconsistencies. Consistency is
defined as the abidance of semantic rules. These rules can be described with integrity
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Fig. 1 Overview of an inconsistency detection algorithm using a domain ontology

constraints in relational databases for attributes on schema level. On instance level,
consistency is being defined as the correct combination of attribute values. A tuple is
consistent when the values from each attribute are valid in combination.

We now provide an algorithm and a data model for consistency checking.

3.1.1 Basic Idea

Figure 1 shows a graphical representation of the consistency checking algorithm.
The algorithm consists of three phases. In the construction phase a domain ontol-
ogy is being created. It can be learned from an existing database, created manually,
or already existing ontologies can be used. The expressive power of OWL (Web
Ontology Language) enables a generic semi-automatic ontology construction ap-
proach. The domain ontology can almost completely be used for DQM, only tuples
have to be labeled as valid in the annotation phase. In the appliance phase tuples
are being identified as being consistent or inconsistent. When an inconsistency is
being detected, a correction suggestion is made. The ontology structure is used to
correct invalid tuples. Other valid tuples are searched and characterized as possible
corrections. The suggestions are ranked using the distance between the valid and in-
valid tuples. The advantage over the statistical edit/imputation-approach presented
by [6] is the usage of the context of invalid attributes for correction. The statistical
approach replaces invalid tuples with randomly chosen values, whilst our approach
suggests context-sensitive corrections changing as few attributes as possible.

3.1.2 Data Model Used for Consistency Checking

A relation schema R = (A1, ..,An) is defined as a list of attributes A1, .., An. Each
attribute Ai belongs to a domain dom(Ai). Each domain dom(Ai) defines a non-
empty set of valid values. A relation r of R is a set of n-tuples r = t1, ..,tm. Each
tuple ti is a set of values ti = (vi1 , ..,vin) with vi j ∈ dom(A j).

In the simplest case a tuple ti is valid if and only if ∀1 ≤ j ≤ n : vi j ∈ dom(A j).
According to our definition, a tuple is consistent if it is valid and all vi j are combined
correctly.

When validating a tuple t, using only the domain dom(A j) doesn’t enable to iden-
tify inconsistencies because combinations cannot be checked. Therefore an ontology
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Fig. 2 Ontology containing concepts Localization and T with individuals

is being built containing all values aik ∈ dom(Ai) of each domain with k = |dom(Ai)|.
Furthermore, domains often contain hierarchical, multidimensional, or other com-
plex structures. These can be respected in an ontological structure.

An ontology consists of a concept Ci for each domain dom(Ai). Attributes ai are
defined as individuals of Ci. They are arranged using ”moreSpecificThan” properties
to enable modeling complex structures.

Dependencies are defined between concepts. For instance, there is often no se-
mantic dependency between the attributes ”id” and ”surname”. Instead, in oncology,
several constraints exist when combining ”localization”-values and ”T”, ”N”, and
”M”-values from the TNM-classification (tumour, node, metastasis) scheme [12].
Concepts have properties ”valid” and ”invalid” to combine attributes of different
concepts and to label them as valid or invalid.

3.1.3 Example

We now provide an example from tumour classification in the cancer registry of
lower saxony in Germany. Figure 2 shows an ontology containing the concept Local-
ization, which depends on the concept T. The individuals ”C02”, ”C02.1”, ”C02.2”,
and ”C02.3” describe malignant neoplasms of the tongue, where the ”C02.x” (tip,
bottom, 2/3 of front) individuals are more specific than ”C02”. The property ”more-
SpecificThan” is hidden due to readability. The three ”valid” nodes are introduced as
blank nodes and used to describe the following three consistency rules: ”C02.1” is
only valid with ”T”-values ”1a” and ”1b”. ”T”-values lower than 2 describe tumour-
sizes lower than 2cm. ”C02.2” is valid with ”T”-Values ”1a”, ”1b”, ”2a”, and ”2b”.
”2x”-values are sizes between 2cm and 5cm. ”T”-values larger than ”2” describe
tumour sizes larger than 5cm. ”C02.3” is valid with ”T”-values ”1”, ”2”, and ”3”.
Specifying these connections with ”i” defines these as inheriting connections. These
connections are inherited to the children of ”1”, ”2”, and ”3”. Therefore the more
specific values of ”1”, ”2”, and ”3”, namely ”1a”, ”1b”, ”2a”, ”2b”, ”3a”, and ”3b”,
are also valid with ”C02.3”.

For instance, the tuples < C02.3,1 >, < C02.3,3 >, and < C02.1,1a > with
the structure < Localization,T > can be resolved as valid. The tuple < C02.1,3 >
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Fig. 3 Medical Documentation: Expert Group defines measures and publishes them in a spec-
ification. Hospitals have to send reports corresponding to this specification.

instead can be identified as invalid, but using the ontological structure, the tuples
< C02.1,1a >, < C02.1,1b >, < C02.3,3 >, < C02.1,3a >, and < C02.1,3b >
can be resolved as correction suggestions.

3.2 Proactive Management of Consistency Constraints

As we have seen in the previous section, a domain ontology can be either learned
from an existing knowledge base or has to be created manually. We now focus on the
latter case and introduce ProCon, which is an approach for proactive management of
consistency constraints. It is described in detail in [5]. ProCon has been introduced
in a scenario in the German public health sector. A German law defines that the
medical quality in public health has to be measured and compared. Therefore the
”BQS Bundesgeschäftsstelle Qualitätssicherung gGmbH”1 was founded in 2000.
The BQS manages and coordinates the comparison of german hospitals. Figure 3
shows the BQS-workflow: An expert group, consisting of several medics, defines
quality measures for relevant medical sectors like cardiology or oncology. For each
measure thresholds are being defined. For instance, when the goal is to ensure good
medical quality the fatality rate for a specific operation must not exceed a predefined
threshold. These measures are being delivered to hospitals and software vendors in
a large document. This document describes the information needs of the BQS. The
hospitals have to send quality reports with all requested data periodically.

When abnormalities in the delivered data are identified or thresholds are reached,
like the mortality rate for a specific operation is beyond a specific treshold, a so
called ”structured dialogue” is being entered. In this dialogue the BQS analyzes
whether bad data quality, insufficient medical quality, or poor medical documenta-
tion is responsible for violating the respective measure. In practice, often bad data

1 http://www.bqs-online.de
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Fig. 4 BQS analyzes reported data and begins a ”structured dialogue” with hospitals when
measures are not matched

quality can be made responsible. This results in time-consuming communication
about detecting and removing inconsistencies. The structured dialogue is shown in
figure 4: Hospitals deliver the data which is requested by the specification. This data
is being analyzed for inconsistencies and violations of bounds and thresholds. Based
on this analysis the expert groups starts a detailed communication with the hospi-
tal, which has delivered the data. The compared data of the hospitals is then being
published in quality reports. When structured dialogues with hospitals are being
performed, some of their data cannot be considered for these reports. This would re-
sult in competitive disadvantages, because the data is being used for patient guides.
Patients often choose hospitals with a lot of experience in a desired operation.

The described approach has some shortcomings: Although the described ap-
proach is top-down-driven, data quality is not being modeled explicitly on a high
level. Information needs are being described on a high level by domain experts.
They explicitly define dimensions, measures, and all required data. These domain
experts are able to distinct data in valid or invalid. Therefore in ProCon we propose
the role of a data quality modeler. This modeler defines attribute value combinations
in the modeled information needs as valid or invalid. When hospitals know about
these quality constraints, they are able to deliver data with high quality.

Another shortcoming is the technical specification itself. The BQS delivers ac-
cess databases containing the defined information needs and technical rules. These
databases cannot be used directly, but have to be integrated in the information sys-
tem of each hospital. In our approach we propose to deliver the modeled rules using
ontologies. This has the benefit that software vendors and hospitals do not need to
develop rule checking software. When data has to be exported to the BQS, it can
be instantiated as an instance of the ontology and reasoners are able to check the
consistency of the resulting ontology automatically (compare also section 3.5).

We now present a model-driven approach of defining consistency constraints in
different scenarios. The described approach fits well in the defined BQS-context,
but can be applied to other domains as well. The approach is shown in figure 5.
It starts with a metamodel of the domain of discourse (part A in the figure). Our
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Fig. 5 Transformation steps of a modeled domain of discourse. A metamodel is being con-
verted to a domain specific language. An editor can automatically be generated for this lan-
guage. This editor can be used to create models that are then being transformed into an ontology.

scenario is based on the multidimensional data model MADEIRA [21], but other
models like relational databases or XML-schemata are possible as well. Our model
consists of a dimension, which contains a hierarchy of categories. These categories
can be combined in aggregation layers.

This data model has been extended with the possibility of defining consistency
constraints between dimensions. Therefore dependencies can be created to show
where constraints are possible and where not. For instance, there is no dependency
between ”age” and ”name”, but between ”localisation” and ”T”, as described in
section 3.1. The individuals ”C02”, ”C02.1”, C02.2”, and ”C02.3” for localisation
were defined in 3.1.3 and can be identified as categories and aggregation layer.

Connections can be defined between categories and categories, aggregation layer
and aggregation layer, and categories and aggregation layer and vice versa. Each
connection can be labeled as describing a valid or an invalid attribute value com-
bination. Different connection types can be defined: An inheriting connection de-
scribes that the connection is being inherited from an aggregation layer to its chil-
dren. Transitive connections can be traversed. A functional connection describes
that a category or aggregation layer is only valid with the connection destination,
and with no other. When such a connection is symmetric, it is modeled that both
connection endings can only be connected with the respective other end.
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Such a data model can simply be mapped to a domain specific language (DSL)
(shown in part B). This DSL contains the same entities and relations as the meta-
model. Using the Microsoft DSL tools [14], an editor can be generated automatically.
This editor provides all elements defined in the metamodel (shown in part C).

This editor can be used by domain experts to model the information needs and to
label combinations as valid or invalid. The graphical representation is a core benefit
of this approach, because domain experts do not need to learn to use complex new
tools, but can directly use the tool used for modeling the information needs.

With an appropriate transformation the modeled information needs and consis-
tency constraints can be stored as an ontology (shown in part D). Due to the map-
pings the ontology is an instance of the metamodel, but must not be generated from
the metamodel.

The ontology provides several benefits:

• The ontology can be used to check the consistency of the modeled constraints. It
can identify contradictions in the model, which can directly be presented to the
data quality modeler at design time.

• Data can be checked using this ontology. The ontology can directly be used to
identify errors in data by instantiating the data which has to be checked in the
ontology. A reasoner can then identify conflicts in the data.

• The ontology can be used as a technical document and can be delivered to soft-
ware vendors and hospitals.

This approach can be used in situations where information needs can be previously
defined on a semantically high level by domain experts. Due to the proactive creation
of consistency constraints erroneous data can be avoided or repaired directly in the
data sources. When this approach is being applied in the described BQS-scenario, in-
consistencies can directly be avoided in hospitals. This results in a much faster pub-
lication of more and consistent data. The structured dialogue can be avoided for a
couple of cases where bad data quality would initiate the structured dialogue.

3.3 Duplicate Detection

[17] presents an algorithm and its evaluation for several configurations based on [3]
for detecting duplicates in databases which are multiple representations of one real
world entity and therefore a major issue relevant e.g. in the scenario of integrating
several databases. Figure 6 shows a graphical representation of the algorithm which
uses a classification algorithm from the data mining domain and will be explained
in the following.

The algorithm consists of two consecutive phases, the learning phase and the
application phase. In the learning phase a classifier learns the characteristics of du-
plicates from labeled data, i.e. pairs of instances that are marked as duplicates or
non-duplicates. The algorithm’s inputs are the distances between every two of the
instances’ attributes and the information whether or not the instances are dupli-
cates. The algorithm’s output is a classifier that is able to distinguish between du-
plicates and non-duplicates by having identified the combination and grade of those
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Fig. 6 A duplicate detection algorithm using a classification algorithm. In the learning phase,
the algorithm’s inputs are the distances between the corresponding attributes and the knowl-
edge about whether or not the instances are duplicates, in the application phase that knowl-
edge is deduced through the classifier that is the learning phase’s output.

attributes’ similarities, that are relevant for instances being duplicates. The appli-
cation phase uses those classifiers for detecting duplicates in non-labeled data. The
advantage over the statistical approach presented by [7] is the usage of similarity
metrics, e.g. string distance metrics, to calculate the attributes’ distances instead of
using binary information whether two attributes have identical values or not as those
metrics are more sensitive in the case of small differences.

Although the described algorithm can be used to find duplicates in any database
using any data model the usage of an ontology provides a major advantage: As on-
tologies’ concepts represent real world extracts without any normalization or con-
siderations with respect to the performance of the database, e.g. by artificially insert-
ing redundancy, those concepts’ attributes completely describe a real world entity.
Such an algorithm can therefore directly be applied to the concepts’ instances as
they semantically contain all information their real world counterparts are defined
by. There is no ”object identification problem” where real world entities are scat-
tered around several data model elements, e.g. tables, or extended by artificial values
like (primary) keys that are not relevant to the decision whether or not two instances
represent the same real world entity. Therefore ontologies’ conceptualizations pro-
vide an ideal basis for duplicate detection in databases. The ontology is furthermore
used for the following applications: Labeling instances as correct or incorrect for us-
ing them as data that can be learned from, annotating the scales of measurement for
proper preprocessing of the data, etc. Those annotations of user-defined metadata
will be explained in the next section.

3.4 Metadata Annotation

Models for data quality are used to make statements about data regarding to their
data quality. [2] point out that those models are a major issue for establishing a DQM
approach. We show three DQM-specific metadata tasks where ontologies and espe-
cially their serializations in RDF (resource description framework) are an excellent
choice for making those statements.
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3.4.1 Data Provenance

Establishing a DQM approach often requires an integration of several data sources.
Data provenance refers to the task of keeping track of the data’s origins for correctly
giving information about the data quality’s state of those databases. XML Names-
paces that are widely used to identify RDF’s resources’ origins can directly be used
to point out the database the data is coming from.

To make this work data quality repositories act a little bit like data warehouses
in the sense that they are used for integration of the data that’s quality has to be
managed. The integrated instances provide the information about their originating
databases by their namespaces. These namespaces can than simply be used for com-
piling reports about the data quality of the respective databases by tracing back the
evaluated instances to their origins.

3.4.2 Data Quality Annotations at Schema and Instance Level

Both at schema and instance level annotations are needed for DQM. At schema
level DQM-algorithms might need to know the attributes’ levels of measurements
for proper preprocessing. At instance level several annotations like labeling for con-
sistency checking (see section 3.1), duplicate detection (see section 3.3), or rule
mining (refer to [4]) can be performed.

Again, RDF’s resources provide an elegant way to make statements about data
on both schema and instance level, as RDF-Schema and OWL-Ontologies are for-
mulated as RDF-triples too. Those resources can be used as subjects in statements
about data quality aspects, e.g. that a number is a nominal value (e.g. an identi-
fier for a room) and therefore distances of two of those values cannot be calculated
meaningfully. The duplicate detection algorithm must handle such information e.g.
by applying “1” to the distance if those values are different and “0” otherwise.

Fig. 7 Example of a metadata annotation at schema level
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Such a metadata annotation is shown in figure 7. On the left hand side of the
figure an ontology is shown which consists of concepts (circles) and datatype
properties (squares). The statement we want to make about this ontology is that
a certain concept’s datatype property represents a nominal value (denoted by the
ellipse). The right hand side of the figure shows a solution for making such a
statement: An instance of a concept “PropertyAnnotation” is created that points
out the concept (“belongsToClass”) and the concept’s datatype property (“hasProp-
erty”) in question. Finally, the statement about the level of measurements is made
by the object “NominalValue” of the PropertyAnnotation’s statement about its
“isMeasurementTypeOf”-property.

Another example is shown in figure 8. In contradiction to the previous example,
an annotation is made on instance level. The use case shown here is the marking of
two instances that have been found suspicious to be duplicates by an algorithm like
the one presented in section 3.1. Therefore an instance of the concept “Duplicate-
Suspicion” is created and the two instances of any (domain) ontology concept under
suspicion are linked to that instance by the object properties “hasSuspicion”.

3.4.3 An Ontology for the DQM-Domain

The annotations introduced in the preceding section need a vocabulary. Such a vo-
cabulary can be provided by creating a DQM-ontology. The ontology in question has
to cover concepts for the following annotations: At schema level the level of mea-
surements have to be annotated for proper preprocessing. At instance level the pre-
processed values as well as time stamps for measuring the value currencies have to
be annotated. Furthermore, the already mentioned labeling of consistent tuples and
labels for training data mining algorithms have to be annotated. Erroneous data has
to be pointed out, specifying the reason for the suspected errors like outliers and in-
consistencies (also see [19]). Marking duplicates needs a special concept as several

Fig. 8 Annotation of a duplicate suspicion
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instances are involved like presented in the previous section. In this case further pro-
cessing might e.g. involve the removal of one of those instances after confirming the
multiple representation of a real world entity by those instances by a domain expert.

The concepts of figures 7 and 8 denoted by the namespace “dqm” belong to
our proposed DQM-ontology. But not only is a vocabulary for making such state-
ments defined by the DQM-ontology. It is further used for modeling DQM specific
knowledge like presented in figure 9. There the relationships between three different
DQM-aspects are defined: Data quality methods (“DataQualityMethod”) describe
algorithms for detecting possibly wrong data by e.g. applying statistical methods or
data mining algorithms like the one presented in section 3.3 for identifying multiple
representations of real world entities. Their results are interconnected with the data
quality dimensions (“DQ-Dimension”) which are used for measuring the quality of
a database’s data. Those dimensions can be defined and interconnected with the data
quality algorithms outcomes by the user, so that the reports generated by the DQM
fit the user’s need for information regarding the data quality of his databases.

Figure 9 shows a predefined configuration where the information about the out-
come of the algorithm for detecting duplicates is among others an input for the
calculation of the dimension “Accuracy”. In certain contexts it could be reason-
able to define a dimension for duplicates itself, linking the new dimension with the
outcome of the duplicate detection algorithm alone. Finally, the ontology defines
the vocabulary that the algorithms use for marking suspicious data (“Suspicion”).
Again, the usage of the concept used by the duplicate detection algorithm “Dupli-
cateSuspicion” has already been introduced in the previous section and its appli-
cation is shown in figure 8. With this information a report about the state of the

Fig. 9 Excerpt of the DQM-ontology showing interconnections between DQM-dimension,
algorithms and suspicion annotations (straight lines being subclass definitions)
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database’s data quality can be generated as the marked suspicions can be taken into
consideration for evaluating the different data quality dimensions.

3.5 Domain Ontologies as a Foundation for Correct Data

Beyond the use cases presented so far domain ontologies themselves provide se-
mantic specifications that are useful for detecting erroneous data. We will show
an example by remodeling the “Common Information Model CIM” (refer to [10])
which is an IEC standard for the utility domain by using OWL. The results pre-
sented in this section are part of a master thesis by Thomas Gebben [8] who kindly
allowed us to present them here.

3.5.1 Introducing the CIM

As a domain ontology for the utility domain the CIM covers all informational as-
pects for that domain, like generation, protection, topology, measurements, assets,
consumers, etc. The CIM itself is modeled in the Unified Modeling Language UML
and is provided in several other formats like RDF by automated convert processes.
As the outcome of those processes does not provide information that goes beyond
that available in the source format, our approach is to build the CIM from scratch
with the semantics provided by OWL.

3.5.2 Modeling the CIM as an Ontology

For the remodeling of the CIM we chose a so-called profile of the CIM which de-
notes a true subset of the CIM. The “Common Power System Model” CPSM [11]
contains objects that are necessary to describe the topology and all assets of an elec-
trical grid such as transformers, lines, substations, etc. A snipped of such a definition
is shown in Listing 1.

<owl : F u n c t i o n a l P r o p e r t y r d f : ID=” uni tName”>
<r d f s : domain r d f : r e s o u r c e =”# I d e n t i f i e d O b j e c t ” />
<r d f s : r a n g e>

<owl : DataRange>
<owl : oneOf r d f : pa rs eT ype =” Resource ”>

<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema# s t r i n g ”> MW
</ r d f : f i r s t>

<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
<r d f : r e s t r d f : pa rs eT ype =” Resource ”>

<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema# s t r i n g ”
> MVA </ r d f : f i r s t>

<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 / XMLSchema#

s t r i n g ”> Count </ r d f : f i r s t>
<r d f : r e s t r d f : pa rs eT ype =” Resource ”>

<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
<r d f : r e s t r d f : pa rs eT ype =” Resource ”>

<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /

XMLSchema# s t r i n g ”> MVAr </ r d f : f i r s t>
<r d f : r e s t r d f : pa rs eT ype =” Resource ”>

<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
<r d f : r e s t r d f : pa rs eT ype =” Resource ”>
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<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /
XMLSchema# s t r i n g ”> S w i t c h P o s i t i o n </ r d f : f i r s t
>

<r d f : r e s t r d f : r e s o u r c e =” h t t p : / / www. w3 . o rg
/1999 /02 /22− rd f −s yn tax−ns # n i l ” />

</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /

XMLSchema# s t r i n g ”> T a p P o s i t i o n </ r d f : f i r s t>
</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /

XMLSchema# s t r i n g ”> kV </ r d f : f i r s t>
</ r d f : r e s t>

</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema

# s t r i n g ”> R a t i o </ r d f : f i r s t>
</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema#

s t r i n g ”> PerCen t </ r d f : f i r s t>
</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema#

s t r i n g ”> Amperes </ r d f : f i r s t>
</ r d f : r e s t>

</ r d f : r e s t>
</ r d f : r e s t>
<r d f : f i r s t r d f : d a t a t y p e =” h t t p : / / www. w3 . o rg / 2 0 0 1 /XMLSchema# s t r i n g ”>

Degrees </ r d f : f i r s t>
</ r d f : r e s t>

</ owl : oneOf>
</ owl : DataRange>

</ r d f s : r a n g e>
<r d f : t y p e r d f : r e s o u r c e =” h t t p : / / www. w3 . o rg / 2 0 0 2 / 0 7 / owl # D a t a t y p e P r o p e r t y ” />

</ owl : F u n c t i o n a l P r o p e r t y>

Listing 1. Definition of the property “unitName” of the concept “IdentifiedObject”.

We define a property “unitName” which makes a statement about (“rdfs:domain”)
instances of the concept “IdentifiedObject” which are e.g. measurements. The range
of the property is limited to one of the denoted values (“MW”, “MVA”, “Count”,
etc.). Furthermore, the property is defined as a functional property, which means
that no or exactly one value per instance is allowed. By providing this information
the ontology itself will point out instances that do not satisfy those conditions and
therefore prevents wrong data from the beginning. Such an ontology can be used for
generating messages to exchange data between different enterprises of the utility
domain. In the following examples we will show the automated detection of erro-
neous instances that violate the stated rules. We will use Pellet [18] as a reasoner for
this task which also generates the messages that will be shown.

3.5.3 Examples for Detecting Errors with a Domain Ontology

We now give two examples of wrong instances regarding the definition stated above.
Figure 10 shows an instance of “MeasurementValue” that defines two different val-
ues for the property “unitName” for the same resource.

The reasoner correctly detects a violation of the functional aspect of the property.
It therefore rejects the stated definition of the shown instance. Figure 11 shows an
example of the violation of the “oneOf” data range restriction of the values of the
property.
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Fig. 10 Instance of “MeasurementValue” with violation of the functional property “unit-
Name”

Fig. 11 Instance of “MeasurementValue” with violation of the “oneOf” data range restriction
of the property “unitName”

The reasoner again detects an inconsistent ontology stating that the literal “MVd-
ddA” is not defined as one of the allowed values for the property in question.

Several classes of consistency checks are performed in a similar manner like
checking cardinality constraints, assuring that only concepts defined by the profile
are used, etc.; we use the complete expressivity of the OWL-DL dialect to create a
powerful ontology that conforms to the CPSM standard and rejects as many mal-
formed instantiations of its concepts as possible.

4 Conclusions and Future Work

The usage of the knowledge provided by domain ontologies can be used to im-
prove DQM’s outcomes in several ways as shown by five given examples, namely
consistency checking, proactive management of consistency constraints, duplicate
detection, seamless possibility of metadata annotation, and semantic domain mod-
eling. Therefore, a synergy effect from modeling a domain ontology, e.g. for defin-
ing a shared vocabulary for improved interoperability, and DQM can be achieved.
The further work will include the appliance of our described approaches on en-
terprise scaled databases to verify their applicability. The EWE AG (please visit
www.ewe.de) partly funds the projects the presented results originate from and
also provide such data for large scale tests. As described, other test scenarios are
tumour classification in cancer registries and the reports for the BQS.

www.ewe.de
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