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SUMMARY  Metadata registry (MDR) is based on the international
standard ISO/IEC 11179. The committee of ISO/IEC JTC 1/SC 32, which
had standardized the MDR, has started to improvise the MDR, and the im-
provised version is named extended MDR (XMDR). However, the XMDR
does not fully support the ontology concept, and no method is available
for mapping ontology registrations onto registries. To overcome the lim-
itations of the outdated XMDR, this paper proposes an extended XMDR
(XMDR+) framework. The XMDR+ framework provides a method for
mapping of ontology registrations between the metadata registry and on-
tologies. To improve the functions of the XMDR, we have proposed herein
a framework that is capable of defining a model that manages the relations
not only among ontological concepts but also among instances, and guaran-
tees the management and storage of their relationships for supporting valid
relations of the ontologies.
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1. Introduction

The recent instances of progress in the field of information
technology have led researchers to focus on service-oriented
computing [1]. In addition, as mobile networks and comput-
ing technologies continue to advance, the demand for gain-
ing accessibility to diverse services on a single platform un-
bounded by hardware and software types has led to the de-
velopment of ubiquitous computing. Within the framework
of ubiquitous computing, Semantic Web technology [2], [3]
serves as the key to interoperability [4], which enables op-
erators to provide various services irrespective of the time,
location, or device used. Thus, studies are being conducted
on metadata in different fields to selectively collect useful
contents from the large amount of data existing in the Se-
mantic Web environment [5]-[9] and to thereby provide and
manage useful services [10]-[12].

The importance of using metadata functions as a guide-
line for defining data[13] has resulted in considerable at-
tention being drawn to this topic lately. Accordingly, sev-
eral fields that define standards for the management of data
have come up [14]. Its typical examples used in various ar-
eas are the Dublin Core Metadata Initiative (DCMI) [15],
which is used for bibliographical search purposes; J. meta-
data [16], which is used in the network area; MPEG-7 [17],
which is closely related to multimedia; ebXML Registry
Information Model (ebXML RIM) [18], which is useful in
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e-business; Universal Description, Discovery, and Integra-
tion (UDDI)[19], which is used for web-based services;
and Metadata Registry (MDR: ISO/IEC 11179) [13], which
serves as a vehicle for independent management of metadata
in each domain.

Among the registries and saving devices, the MDR is a
global standard system developed by ISO/IEC JTC 1/SC 32
to manage metadata in an organized manner and to define
mechanisms, processes, and operations designed to gener-
ate and manage metadata. It also enables cross-reference
and reuse of data used in various registries among differ-
ent applications and organizations by predefining and later
managing them [13], [20], [21]. As a result, interoperability
is guaranteed. The MDR thus facilitates system integration
and information sharing through its featured interoperability
in fields such as e-business [ 18], transportation systems [22],
medical systems [23]-[28], and environmental systems [29].
To facilitate better system integration and information shar-
ing, the metadata must be integrated so as to manage hetero-
geneous aspects involving the semantics, syntax, and repre-
sentation of data. In this context, in order to ensure and
manage interoperability, the ultimate aim of the MDR lies
in standardizing these three categories and sharing the de-
tails and meanings of metadata. In other words, to realize
information integration and sharing and to provide a vari-
ety of useful services, the MDR allows metadata used in
registries to be defined beforehand during the design of a
metadata schemas and also allows the reuse of the existing
data elements in other systems/registries, thereby guarantee-
ing accuracy and reuse of data meanings. Previous studies,
however, have revealed the following shortcomings of meta-
data registries:

e Shortcoming Concerning MDR: The MDR-based
system or registry is useful only for those who are able
to conduct direct references to data sources. The sys-
tem or the registry, however, is unable to extract the
meanings of the data elements saved in the MDR or to
automatically interpret them.

e Shortcoming Concerning XMDR: The XMDR (eX-
tended Metadata Registry: ISO/IEC 11179-Part 3, Edi-
tion 3) project defines a model for managing con-
cept level relations of ontology technologies. It fails,
however, to incorporate stances of the instance level.
This failure arises from the inability to accurately man-
age the metadata meanings, resulting in the failure to
guarantee accurate data on semantic interoperability in
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terms of storing, managing, and operation of the data
to which ontology technologies are applied.

¢ Inability to Conduct Mapping for Ontology Regis-
tration: The metadata registry should be able to ac-
commodate a previously defined ontological schema
in order to use information in a more accurate and
sufficient manner and to develop ontological resource-
based services for a registry. In turn, to register such
ontological schema, it is essential to save and manage
ontological resources in a consistent manner by defin-
ing the mapping relations of registries and ontological
resources.

The first shortcoming concerning the MDR arises from the
inability to define relations between metadata and the data
of different registries. If designers or developers adopt dif-
ferent definitions for the schema of metadata, a registry is
unable to extract meanings or automatically interpret the re-
lations of data elements that refer to the same concept. Con-
sequently, interoperability is not ensured. Being aware of
this problem, the XMDR project is being developed at the
Lawrence Berkeley National Laboratory to address the fail-
ure to define relations between metadata and data of differ-
ent registries [30]. Second, the XMDR project was origi-
nally aimed at resolving the first problem. To achieve this
aim, it defines the elements saved in the MDR meta-model,
such as classes, relations among them, data types, and a
characteristic specified within classes by means of ontolog-
ical techniques; hence, it enhances the machine readability
of already defined metadata elements. However, it fails to
support semantic interoperability because the semantic ac-
curacy of data is not guaranteed while storing and managing
the data related to ontological instances. This failure can
be attributed to the technological scope being limited to the
concept level. The third problem, which is related to ontol-
ogy registration, arises because of the absence of a consis-
tent mapping method for connecting ontological concepts to
metadata registries. By using the notion of a concept system
to define registry characteristics and ontological concepts,
separate models are designed for various domains. This con-
cept system-based approach, however, is unable to address
the mapping issue related to the characteristics of metadata
registries and ontological concepts. Therefore, it is neces-
sary to ensure that the mapping is carried out such that the
registration and management of ontological schemas take
into account the attributes of the concept system.

To improve the functions of the metadata registry, this
paper proposes a framework that is capable of defining a
model that manages the relations not only among ontolog-
ical concepts but also within the instance level and is also
capable of consistently keeping and managing data through
the mapping management function for ontology registration.
The framework proposed applies ontology technologies for
semantic extraction of data elements and interpretation of
their relations. Furthermore, it is capable of storing infor-
mation on ontological support and manages ontological con-
cepts, instances, and their diverse relations. To support these
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functions, which would ultimately provide accurate infor-
mation, the framework executes a variety of functions such
as the utilization of the concept level defined in the XMDR,
delineation of the instance-managing model for the instance
level, specification of the management model that incorpo-
rates the concept and instance levels, and, thereby, provision
of efficiency of semantic relations between the concept and
instance levels. In the end, the semantic differences between
registries are resolved, which eventually leads to improved
interoperability of data.

The rest of this study is organized as follows: Sect.?2
describes the MDR and XMDR and reviews relevant issues,
Sect. 3 defines the proposed XMDR+ (Extended eXtended
Metadata Registry) framework, Sect. 4 describes its exper-
iment and evaluation, and Sect. 5 contains the conclusions
and recommendations for future work.

2. Related Work
2.1 Metadata Registry (ISO/IEC 11179; MDR)

The MDR is a framework used for achieving interoperabil-
ity of databases and is an international standard developed
by ISO/IEC JTC 1/SC 32[13]. This international standard
is divided into 6 parts that specify the basic attributes and
administration of metadata. Items registered include indi-
vidual data elements and related metadata items such as data
element concepts, value domains, taxonomies, and identifi-
cation of responsible parties. The framework lays empha-
sis on semantic information such as definitions of data el-
ements, definition of each value meaning, and stewardship
responsibilities. The focus of these metadata registries is
data administration, semantics management, and data stan-
dardization. Traditional MDR supports data sharing, data
reporting, system development, and dissemination of infor-
mation that describes data products.

The MDR consists of two main parts: the Concep-
tual Level and the Representational Level. The concep-
tual level contains two components: Data_Element_Concept
(DEC; ex:County Name) and Conceptual_Domain (CD;
ex:Countries). The CD plays the role of a container,
which defines the applicable domain of the DEC, both
the CD and the DEC consist of a combination of an ob-
ject concept and its corresponding properties. The DEC
is described independently of any particular representa-
tion. The representation level, and the expression of the
concepts in the conceptual level, contains the following
components: Value_Domain (VD; ex:ISO 3166 2, 3-Alpha
Code, ...) and Data_Element (DE; ex:County Name 3-
Alpha Code=‘KOR’). The VD is a set of permissible values
for the DEC. The DE is the product obtained when a per-
missible value is applied to the DEC, and the DE includes
descriptions such as definition, type, and length. Figure 1
shows the conceptual model of the main components for
MDR.

The existing MDR was originally designed to manage
metadata between table fields of a relational database. In
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other words, the MDR adopts a structure that enables the
management of relations between tables and metadata of
the data saved in each table in the relational database. As
a result, it facilitates sharing and exchange of data, and gen-
erates and manages metadata. In this context, the features
of the Semantic Web technology are (i) a storing structure
suitable for the management of graph data, (ii) definition of
various properties of the concepts, (iii) support for seman-
tic inference, and (iv) URI management techniques that are
vital to web ontology.

However, the existing MDR does not support any of
these functions. Therefore, to resolve the semantic differ-
ences of the schemas uniformly defined among registries
at ISO/IEC JTC 1/SC 32, a meta-model has been defined
by including various ontological attributes and considering
storing and managing ontological resources; the Semantic
Web technology has been applied to this meta-model to en-
able a registry to automatically understand the attributes and
to enhance the semantic interoperability of data. Figure 2
illustrates why alterative characteristics are required in the
MBDR for supporting Semantic Web.

2.2 eXtended Metadata Registry (ISO/IEC 11179-Part 3,
Edition 3; XMDR)

The XMDR defines various classes and concepts to incorpo-
rate the notion of ontology technologies into it. On the basis
of these definitions, efforts are being made to design a stor-
ing structure and a protocol that would facilitate the appli-
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Fig.1 MDR conceptual model and example.
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cation of the ontology technologies. Currently, the XMDR
being developed at ISO/IEC JTC 1/SC 32 is not limited to
any particular application area; in fact, it is applicable to var-
ious applications and domains for independent storing and
managing. The XMDR supports data description using a
triple (subject, predicate, and object) set for ontological re-
sources [30]. Under the XMDR scheme, the relations be-
tween concepts are defined in the ontology language (i.e.,
RDF, RDF-S, and OWL) to help a system/registry to au-
tomatically understand the meanings of the data elements
specified in the registries. Thus, the XMDR is intended to
understand data, infer their meanings, and more clearly de-
fine the meanings of the data elements defined in the MDR-
based registries.

Figure 3 illustrates the conceptual model of the key re-
lationships applied for managing the triple set in XMDR.
It also shows an appropriate example for the management
of ontological resources. The XMDR defines that Regis-
tered_Item consists of various classes such as Concept (maps
to univ:Professor, univ:Student) and Relation (maps to ad-
vise). Among them, the Relation class forms an inheritance
relationship with the Concept class and serves as a prop-
erty reference for the Binary_Relation class. In addition,
to define the relations among concepts and their semantic
specifications, the relations between Concept classes are de-
fined by means of classes such as Relation, Relation_Role,
Link, and Link_End. In other words, the Relation class
expresses the relationships among Concept classes, where
Link class is an association of the Relation (i.e., an indi-
vidual n-tuple, which comprises the corresponding relation)
and the Link_End class is an association that identifies a par-
ticular role that a Concept plays in a Link and Relation_Role
(maps to Subject, Predicate, and Object). Thus, Link and
Link_End classes distinguish between names and describe
one or more elements of a Relation. Furthermore, to de-
fine Classification_Scheme between concepts taxonomy and
partonomy were used, and the ideas of predicate and axiom
were used to specify the relations. Therefore, the structure
was designed so as to accommodate the ontology technolo-
gies. Ontology that constitutes the Semantic Web mainly
consists of concept and instance levels. The XMDR was
designed considering the concept level alone, ignoring the

Saving and of ontological

DB Table-] DB Table-Il DB Table-n

Fig.2  Storing and management of ontological resources.
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Fig.4 Example of the XMDR problem.

domain-range relations at the instance level and the relations
between properties of instances.

Figure 4 clearly depicts the example of the existing
XMDR problem as well as the motivation and aim of our
work. In Fig.4, if the SPARQL query is “Search all ‘ad-
vise” such as select ?X ?Y where {?X advise ?Y}, the
existing XMDR leads to a lack result such as {<Professor,
Student>}. However, inference based on this is incorrect,
resulting in the set {<Professor, Student>, <profl, studl>,
<profl, stud2>, <profl, studN>, <prof2, studl>, <prof2,
stud2>, <prof2, studN>, <profN, studl>, <profN, stud2>,
<profN, studN>}. An incorrect result is obtained because of
the fact that the query does not consider the basic charac-
teristics of ontologies, it fails to guarantee correct answers
to queries. The correct results are {<Professor, Student>,
<prof2, studN>, <profN, studl>, <profN, stud2>}. In or-
der to address this problem, a new framework has been pro-
posed to manage both the concept level of ontology and the
instance level.

3. Proposed Framework

In the previous section, we discussed the inherent problems
of the structure of the XMDR and the XMDR itself, which is
the extended form of the MDR, during the application of on-
tology technologies in the Semantic Web environment. To
resolve these issues, in this study, the concept of the XMDR
has been extended to define a new framework that can man-
age even the instance level of ontology technologies. There-
fore, it is ultimately aimed at guaranteeing interoperability
of data among registries.

3.1 XMDR+ Framework

The XMDR+ framework proposed herein sets forth a meta-
model that can manage the instance level as well as the con-
cept level and further presents a mapping model for ontol-
ogy registration. To manage the concept level, the concept
model defined in the existing XMDR is first used, and then,
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Fig.5 Conceptual framework of XMDR+.

a new model that can manage the instance level is added
to it. To define a meta-model incorporating both the con-
cept and instance levels, definitions of the data relations are
supported with respect to the classes defined in the exist-
ing MDR, relations among the classes, instances of classes,
and relations among the instances. Consequently, the data
meanings become machine-readable.

Figure 5 shows the conceptual model of the newly pro-
posed XMDR+ framework. It incorporates the basic con-
cepts required for the management of the metadata defined
by the existing MDR. It further uses the concept system de-
fined in the XMDR for the registration and management of
the ontological schema used in various domains. The Con-
cept_System retains the meta-model defined in the XMDR
framework. Thus, it should be able to register and man-
age schemas of the models in various domains. Therefore,
Concept_System is used. For the abovementioned reasons,
the XMDR has been extended to enable it to save and man-
age the concept level of Concept_System-based ontology to
produce the XMDR+ framework that can also manage the
ontological instance level. The newly proposed XMDR+
framework consists of the following three regions:

¢ Instance Region: In this region, the actual data val-
ues are saved. It shows the physical data saved in
the database tables. It represents the data correspond-
ing to the instance level of ontology, which becomes
the body of the actual values constituting ontology.
Therefore, the instance region of the newly proposed
framework represents the area where the ontological
instances are saved and managed, which have been
generated in accordance with the schema design de-
fined in the schema/registry region.

e Schema Region: The schema/registry region defines
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the meta-model for the design of the registry schema
of metadata. The meta-model defined serves as the ba-
sis for a model constructed for sharing and exchange
of data/metadata of systems/applications of various re-
gions, which in turn are defined based on metadata reg-
istries. Notions shown in Fig.5, such as METeOR,
EDR, and caDSR indicate the registries that contain
the schemas defined based on metadata registries. The
model used for the design of each schema in this study
is termed Concept_System. Therefore, the registry put
to use in this region is based on the existing basic reg-
istry model used for the metadata. Consequently, it
retains the identical schemas pertaining to semantics,
syntax, and representation. Furthermore, it becomes
possible, upon application of ontology technologies, to
delineate various properties of the schemas that adopt
different naming methods. Therefore, the interpreta-
tion of semantic relations of the metadata leads to the
maintenance of the interoperability of data whenever
metadata are generated or added to the registry. In
other words, systems/applications are defined on the
basis of the meta-model of schemas/registries. Thus,
the following components enable machine reading of
previously defined data elements: concepts/classes, re-
lations among concepts, and the data types and proper-
ties defined within the concepts.

e Ontology Specific Meta-model Region: This region
refers to the area where the existing metadata registry
is extended to save and manage ontology technologies.
This region classifies the concept and instance levels
of ontology, manages their relations with ontological
data, and defines the mapping relations between the
registries and ontology. Figure 5-(2) indicates the level
at which the management of added instances and their
properties is undertaken. It is called the instance level,
and in this study, it is termed as semantic registry. Fig-
ure 5-(3) illustrates the registration model that defines
the procedure for carrying out the mapping of concepts
of the metadata registry and ontology. To register the
ontological schema used in various fields, it is neces-
sary to map the relations of the metadata registry and
the ontological concept. By defining them, it becomes
possible to consistently manage mapping relations be-
tween registries and ontological concepts and to ensure
efficiency of the semantic relations between the con-
cept and the instance level. As a result, more accurate
information can be provided. Figure 5-(1) indicates the
level where the meta-models are defined in the exist-
ing XMDR. This level constitutes the concept level.
In short, it is the region for storing and managing onto-
logical concepts, and therefore, it is termed as syntactic
registry.

The XMDR+ framework proposed enables, through the
aforementioned three regions, semantic consistency of data
in each registry, guaranteed interoperability, integration and
sharing of data, and provision of knowledge-based services.
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Therefore, the newly proposed framework guarantees com-
pleteness of data by expressing and managing the diverse
properties of ontology.

3.2 Design of Meta-Model for Ontology Management

It is necessary to save and manage not only the ontolog-
ical concept level but also the instance level in order to
resolve the semantic differences in the metadata schemas
arising between registries and to ensure interoperability of
data. The XMDR incorporates the “relations meta-models”
for defining the ontological concept level relations [30]. In
this subsection, the relations meta-model has been modified
and supplemented. Then, the framework has been proposed,
which supports the relations between the concept and in-
stance levels and defines the relations among instances re-
tained at the instance level. The higher concept level in
Fig. 5-(1) represents the model constructed for defining the
relations among the concepts specified in the XMDR. As
discussed above, however, the accuracy and reliability of the
answers to the user inquiries is not guaranteed unless the in-
stance level is considered. Being aware of this issue, we
have added a relation-defining model, as shown in Fig. 5-
(2). The new approach helps create a model that is capable
of not only defining the inter-concept level relationships but
also managing the instance level. Then, as proposed herein,
a new framework has been created, which improves the effi-
ciency and accuracy of ontological concepts.

To define the relations among concepts at the concept
level, three classes are used: Link, Link_End, and Rela-
tion_Role. Moreover, three additional classes are used to
specify the characteristics of ontology: Concept_System,
Ontology, and Relation. Further, seven classes are defined
for the instance level shown in Fig. 5-(2) to support the de-
lineation of relations among instances and concept-instance
relations at the instance level. As illustrated in Fig. 6, in-
stance relations are defined by means of Instance_Property,
Instance_Link_End, Instance, Instance_Relation, and In-
stance_Relation_Role to further define inter-instance rela-
tions. In this manner, it becomes possible to save and
manage the relations among instances. Then, the ID val-
ues of concepts and instances are set forth through the for-
mer, and those of Concept_Instance_Link and ConceptProp-
erty_InstanceProperty_Link are set forth through the latter.
Finally, it becomes possible to define the concept-instance
relations. As discussed above and shown in Fig. 6, by ad-
ditionally defining the concept-instance level relations and
inter-instance relations and by using the notions that are dif-
ferent from the concept and instance levels, it becomes pos-
sible to save and manage all of the ontological characteris-
tics, generate accurate responses to user inquiries, and even-
tually define the framework that is capable of storing and
managing the resources of the ontological concepts, which
guarantees reliability.
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is also reasonable to describe ObjectProperties as relations datatypes Concept (VM, DE)
rather than relation roles. These constructs are reused from :grtrllie\)/:l:mCIass, equivalentProperty, | Binary Relation (symmetric, transitive)
RDF'S, which in turn is defined on tOP of RDF’ and most of differentFrom, complementOf, | Binary Relation (symmetric, intransitive)
the OWL datatypes are taken from XML schema. Thus, the disjointWith
OWL built-in constructs are naturally described as Ternary subClassOf, subPropertyOf Binary_Relation (asymmetric, transitive)
relations and the others as variable Arity relations having type, range Binary_Relation (asymmetric, intransitive)
two roles. It is also reasonable to describe ObjectProper- AllDifferent, distinctMembers Relation (variable Arity, 1 role)
ties as relations rather than relation roles. These constructs intersectionOf, oneOf, unionOf Relation (variable Arity, 2 role)
are reused from RDF-S, which in turn is defined on RDF, ;LISV\?::;From sameValuesFrom, | Relation (Arity=3, 3 role)
and most of the OWL data types are taken from the XML
schema.

Many other OWL built-in constructs do not have cor-
responding elements built into the Concept_System meta- (RC), Value_Meaning (VM), Data_Element_Concept (DEC),
model, as summarized in Table 1. Table 1 illustrates the de- Object_Class (OC), Unit_of Measure (UM), Relation (R),
scription type of the metadata registry, which is semantically and Characteristic (C) of ontological concepts (i.e.,

identical to Conceptual_Domain (CD), Reference_Concept classes). DEC and Property (P) are identical to the fields
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where the data types of a database are not defined, namely,
the generalized and abstract properties. Therefore, they are
mapped onto the ontological properties.

4. Experiment and Evaluation

4.1 Experiment

The experiment performed in this study uses a data set
created by the University-Bench Artificial Data Generator
(UBA), an ontology creation tool provided by Lehigh Uni-
versity [31]. The UBA is an ontology generation tool, which
has been developed to evaluate the results of the SWAT
project [32]. UBA creates data in LUBM(n, s), where n and
s are the number of universities and the seed value, respec-
tively (such as LUBM(1,0), LUBM(5,0), LUBM(10, 0),
LUBM(20, 0), and LUBM(50, 0)). LUBM(1, 0) represents
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performance that would ultimately provide accurate infor-
mation such as the delineation of the instance-managing
model for the instance level and specification of the manage-
ment model that incorporates concept and instance levels; a
good performance of the framework would ensure efficient
semantic relations.

We performed an experiment under the following sys-
tem environment: CPU: Intel Core Duo (2.53 GHz), Mem-
ory Size: 3 GB, Heap Memory Size: 2 GB, Hard Disk Size:
300 GB, Platform: Windows Server OS, Language: Java
(JDK 1.6.0), DBMS: Oracle 9i Enterprise Edition Release
9.2.0.1.0.

In Fig.7, the XMDR+ framework designed by using
Protégé is shown [33], [34]. Table 2 lists the number of on-
tological meta-schema metrics such as classes, properties,

the ontology of one university, containing information such Table 2 Number of ontological meta-schema metrics.
as departments, professors, colleges, and graduate schools. Ontology Metrics  Numbers Ontology Sub-metrics Numbers
In this experiment, we have used the LUBM(1,0) and Class 83 Subclass 213
LUBM(5,0) sets; because the other three LUBM sets Object property 141 | Inverse object properties 64
were too large, they were excluded from the experiments Functional object properties 65
(LUBM(10, 0), LUBM(20, 0), and LUBM(50, 0). Neverthe- Inverse functional object property 55
less, two ontology data sets (LUBM(1, 0) and LUBM(5, 0)) Object property domain 141
are adequate in size (number of statements are 103, 074, Object property range 141
and 645,649) to be used in our experiment because the ob- Data property 85 Functional data property 79
jective of this research is simply to examine whether our Data property domain 85
proposed framework can manage ontology at the instance Data property range 85
level. In other words, the proposed framework exhibits a Entity annotation 155
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and their instances.

The query patterns are defined considering the follow-
ing factors: simple target search (classes, instances), hierar-
chy (class and property hierarchy), and instance search for
one or more classes. According to these considerations, the
defined query patterns are as listed in Table 3. Table 4 lists
seven results obtained for the query patterns. Q-P 1, Q-P 4,
and Q-P 5 are the queries concerning definitions and rela-
tions of the ontological concept level alone. They generate
the same answers in both the XMDR+ and the XMDR. The
queries concerning Q-P 2, Q-P 3, Q-P 6, and Q-P 7 are the

Table3  Query patterns.

Query

Description of Queries
Patterns

Q-P1 Search for Class:
select ?X
where  { ?X ?Y  Uv:http://www.w3.0rg/2002/07/owl#Class }
Q-P2 Search for Class-Instance:
select 7X
where { ?X Uv:http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
Uv::http://www.lehigh.edu/~zhp2/2004/040 1 /univ-
bench.owl#UndergraduateStudent  }
Q-P3 Search for Instance-Instances:
select 7X
where { ?Y Uv:http://www.lehigh.edu/~zhp2/2004/0401/univ-
bench.owl#emailAddress  ?X. ?Y Uv::http://www.lehigh.edu/
~zhp2/2004/0401/univ-bench.owl#advisor
Uv::http://www.Department0.University0.edu/AssistantProfessor7  }
Q-P4 Search for Class-Hierarchical:
select 7X
where {?X Uv::http://www.w3.0rg/2000/01/rdf-schema#subClassOf
Uv::http://www.lehigh.edu/~zhp2/2004/0401/univ-
bench.owl#Professor}

Q-P5 Search for Property- Hierarchical:
select ?X
where {?X Uv::http://www.w3.0rg/2000/01/rdf-schema#
subPropertyOf Uv::http://www.lehigh.edu/~zhp2/2004/0401/
univ-bench.owl#degreeFrom }

Q-P6 Search for Property-Hierarchical-Instance:
select ?X ?Y
where { 7Y Uv:http://www.w3.0rg/2000/01/rdf-
schema#subPropertyOf  Uv::http://www.lehigh.edu/zhp2/
2004/0401/univ-bench.owl#degreeFrom. 72X 7Y
Uv::http://www.University241.edu  }

Q-P7 Search for Class -Hierarchical-Instance:
select 7Y
where {?X Uv::http://www.w3.0rg/2000/01/rdf-schema#subClassOf
Uv::http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl
#Professor. 7Y Uv:http://www.w3.0rg/1999/02/22-rdf-syntax-
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search results on the instances and their hierarchies at the
instance level. Therefore, the XMDR+ shows the same re-
sults as those produced manually, whereas the XMDR fails
to produce the correct answers to queries. As per the pre-
vious discussion, it is not possible to ensure completeness
and accuracy of the answers to the queries when the rela-
tions among instances and among properties are ignored not
only at the ontological concept level but also at the instance
level. In the absence of results upon questioning or in the
event of data loss, there is no reliability, however excellent
the registry may be. Hence, to produce reliable answers to
the queries, it is essential to provide definitions of the rela-
tions of instances and those of their properties at the instance
level. As a result, the problems of the XMDR are resolved
through comparison of the accuracies of the queries of the
XMDR and the XMDR+. On comparison, it is revealed that
the XMDR+ produces better answers.

4.2  Performance Comparison among Registries

In this section, the metadata registries that serve as the base
technology for various fields have been qualitatively com-
pared without being bound by particular area types. As dis-
cussed above, DCMI [14], J. metadata [15], MPEG-7[16],
and ebXML RIM [17] are the metadata registries that are
specialized for particular domains. Because of their nature,
they are inappropriate for comparison with the registries de-
veloped in our study. Therefore, the existing MDR and the
XMDR are compared with the newly proposed XMDR+ to
assess registry performances.

Table 5 sums up the results of the qualitative perfor-
mance assessment of the three registry types (i.e., MDR,
XMDR, and XMDR+). Ten criteria were used for the eval-
uation.

As shown in Table 5, the MDR focuses on registration
and management of metadata information without ontolog-
ical relations. The MDR performs well in terms of Accu-
racy of Queries but fails to accommodate various charac-
teristics of ontological concepts because the current version
of the MDR was developed in a backdrop without Seman-
tic Web technologies. Therefore, the MDR does not support
Instance Management, Relations among Instances, Class-
Instance Association, and Mapping Method between onto-

nsftype X } logical concepts and metadata registry. Moreover, it is infe-
Table4  Comparison of experiment query results.
Results of Queries

Query LUBM (1,0) LUBM (5,0)

patterns Manually .XMDR XMDR+ Manually .XMDR XMDR+

(Previous approach) (Proposed approach) (Previous approach) (Proposed approach)

Q-P1 44 Classes 43 Classes 44 Classes 43 Classes 43 Classes 43 Classes
Q-P2 5916 Instances - 5916 Instances 36682 Instances - 36682 Instances
Q-P3 6 Instances - 6 Instances 6 Instances - 6 Instances
Q-P4 6 Classes 6 Classes 6 Classes 6 Classes 6 Classes 6 Classes
Q-P5 3 Properties 3 Properties 3 Properties 3 Properties 3 Properties 3 Properties
Q-P6 14 Properties - 14 Properties 46 Properties - 46 Properties
Q-P7 447 Instances - 447 Instances 2811 Instances - 2811 Instances
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Table 5  Qualitative comparison.
Registries MDR XMDR XMDR+
i (Previous (Previous (Proposed
approach) approach) approach)
Class Management Partially supports  Supports Supports

Instance Management ~ Does not support ~ Does not support ~ Supports
Relations among Partially supports  Supports Supports
Classes
Relations among
Instances

Does not support ~ Does not support ~ Supports

Class-Instance
Association
Mapping Method

Does not support ~ Does not support ~ Supports

Does not support Does not support  Supports

Semantic Integration Low Medium High
Capacity

Accuracy of Queries High Low High
Complexity Low Medium High
Management Cost Low Medium High

rior to the proposed model in terms of the functions of Class
Management and Relations among Classes. However, it is
better than in terms of the other registries with respect to
Complexity and Management Cost.

The XMDR mainly supports the registration and man-
agement of syntactic (partially semantic) information. How-
ever, it fails to support Instance Management, Relations
among Instances, and Class-Instance Association because
it only deals with the concept level of ontologies. Further-
more, to register such ontological schema, it is required to
consistently save and manage ontologies by defining the
mapping method for registries and ontological concepts.
However, the XMDR fails to address the mapping issue
when the characteristics of metadata registries and onto-
logical concepts are considered. Therefore, it is inferior to
the proposed XMDR+ framework with respect to Semantic
Integration Capability, Accuracy of Queries, and Mapping
Method of answers.

The proposed XMDR+ framework, which is designed
to manage the concept level as well as the instance level,
supports Class Management, Instance Management, Rela-
tions among Classes, Relations among Instances, Class-
Instance Association, and Mapping Method. 1t further guar-
antees totality of inquiries. In other words, it ensures that
inquiries are searched in the target items. Thus, it is supe-
rior to the other registries in terms of Semantic Integration
Capacity and Accuracy of Queries of inquiries. To define
a meta-model incorporating both the concept and instance
levels, the definitions of data relations are supported with
respect to the classes defined, inter-class relations, instances
of classes, and inter-instance relations. Consequently, data
meanings become machine-readable. Despite the excellent
functions of the proposed framework, it has a more com-
plex structure than the MDR and XMDR, raising concerns
of Complexity and Management Cost, i.e., it costs more be-
cause of its complex structure. In this study, however, the
focus is on a framework that is capable of ensuring the va-
lidity of significant relations among data and providing ac-
curate information.
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5. Conclusion and Future Work

Current registries such as MDR and XMDR do not support
registration of metadata of ontological resources. Therefore,
the current metadata registries need a more practically ex-
tended model and a methodology that ensures ontology reg-
istration for management of relations among instances for
ontology technologies. This paper presented the XMDR+
framework; we also attempted to design a meta-model that
manages not only concepts but also instances; furthermore,
we defined a method for mapping relations between the
metadata registry and ontological techniques. Consequently,
the XMDR+ framework provides support for the metadata
registry not only at the concept level but also at the instance
level, supports the encoding registry, ensures interoperabil-
ity between different metadata sets using various ontology
properties, and facilitates flexibility of the registry.

Next, we plan to enhance the registration procedures
for the mapping between ontological concepts and metadata
registry in detail. Furthermore, we plan to improvise the
XMDR+ to realize semantic interoperation in concrete do-
mains such as e-government and e-business.
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