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A SURVEY ON ONTOLOGY MEDIATION TOOLS

K. VASUMATHI
ASST. PROFESSOR
DKM COLLEGE FOR WOMEN
VELLORE

DR. L.RAVI
HEAD
DEPARTMENT OF COMPUTER SCIENCE
BHARATHIDASAN UNIVERSITY
TRICHIRAPALLI

ABSTRACT
Ontology mediation is enabled through interoperability of semantic data sources. It helps data sharing between heterogeneous knowledgebase and reuse by
semantic applications. Ontology mediation includes operations such as, mapping, alignment, matching, merging and integration. After briefly describing these
operations, this study selectively discusses set of methods, tools and data integration systems. It provides the researchers a comprehensive understanding of
methods and tools intended for ontology mediation.

KEYWORDS
Ontology Mapping, Ontology Alignment, Ontology Merging, Ontology Integration and Ontology Mismatch.

I INTRODUCTION
n any semantic solution, data is annotated using ontologies. Ontologies are shared specifications and therefore the same ontologies can be used for
the annotation of multiple data sources, like web pages, XML documents, relational databases and so on. Their shared terminologies enable a certain
degree of interoperability between the data sources using the same ontologies. To enable such an interoperation, mediation is required between the
ontologies.
A. TERMINOLOGIES
An ontology mapping M is a declarative specification of the semantic overlap between two ontologies OS and OT. The correspondences between
different entities of the two ontologies are typically expressed using some axioms formulated in a specific mapping language. Mapping can be unidirectional or
bi-directional. The different phases in the generic mapping process as in[1] is shown in Fig. 1.
B. IMPORT OF ONTOLOGIES
Ontologies can be specified in different languages, which indicate a need to convert them to a common format so that the mapping can be specified.
Furthermore, the ontologies need to be imported in the tool, which is used to specify the mapping.
Finding Similarities: Many systems use the match operator to automatically find similarities between ontologies. For any two-source ontology, the match
operator returns the similarities between ontologies.
Specifying Mapping: After similarities between ontologies have been found, the mapping between the ontologies needs to be specified.

FIG. 1: MAPPING PROCESS

O
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9! aqy

* T
—_—
o Fig. 1 Mapping Process

The automated or semi-automated discovery of correspondences between two ontologies is called ontology alignment. Ontology alignment is the task of
creating links between two original ontologies. Ontology alignment is made, if the sources found to be consistent with each other, but are kept
separate or when sources are from the complementary domains. Ontology matching is the process of discovering similarities between two source
ontologies. The result of matching operation is a specification of similarities between two ontologies. Ontology matching is carried out through the application of
match operator [2].

In ontology merging a new ontology is created which is the union of source ontologies in order to capture all the knowledge from the original
ontologies. There are two different approaches in ontology merging. In the first approach, the input of the merging process is a collection of ontologies
and the outcome is a one new merged ontology which captures the original ontologies, as given in Fig. 2.

In the second approach the original ontologies are not replaced, but rather a view called bridge ontology is created which imports the original ontologies and
specifies the correspondence using bridge axioms as in Fig. 3.

Ontology integration is the process of generating a single ontology in one subject from two or more existing and different ontologies in different subjects. The
different subjects of the different ontologies may be related. Some change is expected in a single integrated ontology [3].

FIG. 2: OUTPUT OF MERGING PROCESS (APPROACH 1)
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FIG. 3: OUTPUT OF MERGING PROCESS (APPROACH 2)
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C. ONTOLOGY MISMATCHES

An important issue in the approaches of ontology mediation is the location and specification of the overlap and the mismatches between concepts,
relations, and instances in different ontologies are conceptualization mismatches and explication mismatches. The hierarchy of ontology mismatch is given in
Fig. 4.

Conceptualization mismatches are mismatches of different conceptualization of the same domain. Conceptualization mismatches fall in two categories;
namely a scope mismatch and a mismatch in the model coverage and granularity. A scope mismatch occurs when two classes have some overlap in their
extensions (the set of instances), but the extensions are not exactly the same. There is a mismatch in the model coverage and granularity, if there is a difference
in (a) the part of domain that is covered by both ontologies (for example, the ontologies of university employees and the students), or (b) the level of detail with
which the model is covered (for example, one ontology might have one concept ‘person’, whereas another ontology distinguishes between young person,
middle-aged person and old person).

Explication mismatches are mismatches in the way of specifying a conceptualization. Explication mismatches fall in three categories namely mismatch in the
style of modeling, terminology mismatch and encoding mismatch. A mismatch in the style of modeling occurs if either (a) the paradigm used to specify a certain
concepts is different (for example, time specified in intervals is different from the time specified in points in time), or (b) the way the concept is described differs
(for example, using subclasses versus attributes to distinguish groups of instances).

FIG. 4: HIERARCHY OF ONTOLOGY MISMATCH
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A terminological mismatch occurs when two concepts are equivalent, but they are represented using different names (Synonyms) or when the same name is
used for different concepts (Homonyms). An encoding mismatch occurs when values in different ontologies are encoded in a different way (for example,
distance measure specified in kilometers and miles).

D. A COMPARISON ON ONTOLOGY MEDIATION TOOLS AND SYSTEMS

A specific framework does not exist for comparison of ontology mediation tools [5] nor direct comparison of ontology mediation tools be possible [6]. But the set
of criteria to compare the ontology mediation tools is proposed as in [1,3]. The comparison of tools on ontology mediation is made on the following criteria,
namely input and output requirements, level of user interaction, ontology language, mapping concepts, automation support, and the level of implementation.

1. MATERIALS AND METHODS

A. RDFT

RDFT™is an approach to the integration of product information over the web by exploiting the data model of RDF*, which is based on direct labeled graphs. This
approach assumed that the product catalogs from different organizations are specified in XML (eXtended Markup Language) document. Different organizations
use different representations for their product catalogs and hence RDF triples are used to mediate between the different representations.

RDF triples consist of a subject, a predicate and an object. Subjects and objects form the nodes of the graph, where as predicates form the edges. An object in
the triple can occur as a subject or an object of a different triple.

The approach to the integration of product catalogs is called two layered because the product information itself is represented in XML, whereas the
transformation between different representations is done in RDF.

There are three transformation steps. In the first step the XML document whose structure is described by a DTD document (Document Type Definition) or XML
schema is abstracted to an RDF graph which is described by ontology in turn, that could be specified using RDF schema Ll ontology language. In the second step
the RDF document is transformed into a target representation which is also described by ontology. In the third step the target RDF is refined to the target XML
representation that can be used by the applications at the target vendor.

All the three transformation steps are performed by XML transformation language XSLT (XSL Transformation) "9 The process of abstraction, transformation and
refinement is illustrated in Fig. 5.

F[8]

FIG. 5: TWO LAYERED INTEGRATION OF XML CATALOGS USING RDF
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A mapping Meta-ontology is proposed in for describing the transformation between RDF documents. The mapping of Meta ontology is called RDFT (RDF
Transformation) is specified using RDF schema® and used to describe the mapping between two RDFS ontologies. A technique for discovering semantic
correspondence between different products classification schema based on a Naive-Bayes classifier is described in™. The mapping between the different
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products classifications are represented using the bridges from the RDFT meta-ontology. RDFT can be used to express mappings between the arbitrary
ontologies specified in the RDF schema ontology language. And also it is used to specify the transformation between XML document and the RDF representation.
B. OMEN

OMEN is an Ontology Mapping ENhancer which uses a set of meta-rules that captures the influence of the ontology structure and the semantics of ontology
relations and matches nodes that are neighbors of already matched nodes in the two ontologies. The information sources from the same domain are
heterogeneous in nature. To enable interoperation among heterogeneous information sources or to compose information from multiple sources, it is often
needed to establish mappings between database schemas or between ontologies. These mappings capture the semantic correspondence between concepts in
schemas or ontologies. Many tools are developed for mapping in a semi-automated fashion. There are interactive tools that enable experts to specify the
mappings themselves. Once a particular set of mappings is established, the structure of ontologies is analyzed in the neighborhood of the mappings to produce
additional mappings.

In OMEN if two properties and their domains match, then it can infer and its ranges can be related. Bayesian Net(BN) is built with the concept mappings. The BN
uses a set of meta-rules that express the mapping affected by other related ontology mapping. The initial probability distribution for mapping can be done with
existing automatic or semi automatic tools that is used to infer probabilistic distributions for other mappings.

OMEN contains Knowledge model and in this model it expresses the ontologies using the two components classes and properties. Classes are concepts in a
domain, organized in a subclass—super class hierarchy with multiple inheritances. Properties describe attributes of classes and relationships between classes.
Properties have one or more domains, which are classes to which the property can be applied; and one or more ranges, which restrict the classes for the values
of property.

There are some important notations in the OMEN and in the first notation All concepts from O have no prime (’); all concepts from O' have a prime ('); in the

6

second Upper-case C with or without a subscript is a class; in the third Lower-case q with or without a subscript is a property; in fourth P(C1“ C2, x) indicates

that the probability of the match (C1 6 C2) is x.

FIG. 6: SUB GRAPHS REPRESENTING CONCEPTS IN ONTOLOGIES O AND O' AND RELATIONS BETWEEN THEM

In the BN graph Nodes are individual pairs of matches between classes or property. Left hand tree are the classes in ontology O. Right hand tree are the classes
in ontology O'. Thin arrows are the relationship between the classes in ontology. Solid arrows represent the influences in the BN Graph. The Conditional
Probability Tables represent probability distribution in one node in BN-Graph affect the PD in another node.
The nodes in the Bayesian net can be selected as if the node is created for all parings of concepts in two ontologies the number of nodes in the BN-Graph grows
with respect to the number of nodes in the source ontology quadratically. Factor that affects the size of the BN-graph is the number of parents that each node
has. Thus the maximum number of parent nodes for a single node is restricted to 10. It is selected that the top 5 parents with the maximum a priori probability
and the top 5 parents with the minimum a priori probability.
Two types of information’s are needed to run the Bayesians network, The first is the Evidence (obtained from the initial probabilities) describing what we already
know with high confidence, and second is the Conditional Probability Tables, describing how the parent nodes influence the children in the BN-graph.
The OMEN algorithm contains the. Input that contains the source ontologies O and O', initial probability distribution for matches. There are few steps in the
algorithm the first step contain the condition, if initial probability of a match is above a given threshold, create a node representing the match and mark it as
evidence node. Second step Creates nodes in the BN graph representing each pair of concepts (C, C'), that C € O and C € O' as a node in the graph and the nodes
are within a distance k of an evidence node. Third step creates the edges between the added nodes. The fourth step of the algorithm uses the meta-rules to
generate CPT’s for the BN. Final step of the algorithm is to run the BN. Finally the output is produces as a new set of matches. There are some set of Meta rules
in the OMEN they are

. There are two concepts C and C' that match and there is a relationship between C and another concept C; in the ontology O and a relationship between C'
and C;' in the ontology O'. If the two relationships match. Then, the probability of the match between C; and C;' is increased and if they don’t match then
the probability of the match between C; and C,' is decreased.

. There are two properties that match and each of them has a single range. Then, the probability of a match between the classes that represent the ranges is
increased.

. There are two properties that match and the first property has a range that is a union of the classes C; and C,. The other property has a single range
corresponding to C'. Then, the probability that C; is a specialization of C' can be increased. Analogously, the probability that C, is a specialization of C' can
be increased.

. There are mappings between super concepts of two certain concepts, each belonging to a different ontology, and all the siblings. Then, the probability of a
match between the remaining concepts is increased.

In OMEN the system probabilistic influences are combined with some conditions that is if a node in a Bayesian Network has two parents, the conditional

probability tables are combined for the child using the assumption that the two parents are independent. i.e. P(N | P1,P,)=P(N | P;) P(N | P,). When the match of

two pairs of parents influences each other, this assumption is not true. The new mappings can be inferred by OMEN using RDF and RDF schema for expressing
two ontologies.

C. S-MATCH

Semantic Matching is also known as S-Matc and it is an approach for matching classification hierarchies. Each term in the classification hierarchy describes a

set of documents. Semantic Matching is also seen as an implementation of the Match operator for purely tree-structures ontologies. The Match is defined as an

operator that takes two graph-like structures (e.g. database schemas or ontologies) and produces a mapping between elements of the two graphs that
correspond semantically to each other. Semantic Matching approach performs matching based on the nodes and the edges between the nodes in a graph.

Semantic Matching has been mostly developed and tested for the task of matching hierarchies. Hierarchies are tree-structured graphs in which each node has

only one parent. A property of hierarchies is that there is only one type of relationship, which is a more-specific-term relation which subsumes the subclass-of

relationship.

The authors of ™ have argued that almost all earlier approaches to schema and ontology matching have been syntactic matching approaches, as opposed to

semantic matching. In syntactic matching, the labels and sometimes the syntactical structure of the graph are matched and typically some similarity coefficient

h[13]
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[0,1] is obtained, which indicates the similarity between the two nodes. Semantic Matching computes a set-based relation between the nodes, taking into
account the meaning of each node.

The possible relations returned by the Semantic Matching algorithm are equality (=), overlap (n), mismatch ( O ), more general ( N ) or more specific ( N ). The
correspondence of the symbols with set theory is not a coincidence, since each concept in the classification hierarchies represents a set of documents. In
semantic matching algorithm for graph matching it contains two levels of granularity for matching, and this matching is distinguished as, element level matching
and structure-level matching. At the element level, it is concerned with individual nodes. The authors distinguish techniques with weak semantics and
techniques with strong semantics.

Element-level matching with strong semantics is done using thesauri, which typically contain synonym and hypernym relations between terms. These relations
can be used to find semantic relations between nodes in the graphs. In the next phase, the structure-level matching, the matching problem, i.e. the two graphs
together with the mapping query are translated into a propositional formula and then checked for validity. A mapping query is a pair of nodes and a semantic
relationship between the pair of nodes. If the propositional sentence is valid, then the semantic relationship between the two nodes in the query holds and thus
can be added to the mapping result. A potential problem with the algorithm is that the propositional satisfiability check which is known to have nondeterministic
polynomial complexity has to be performed for every pair of nodes from the two graphs. This algorithm does not scale for large graphs.

D. COMA++

COMA++ is built on top of COMA by elaborating in more detail the alignment reuse operation. Also it provides a more efficient implementation of the COMA
algorithms and a graphical user interface. COMA++ can be used as a platform to evaluate different match algorithms. In a comprehensive evaluation, we
achieved high quality even on large real-world schemas and ontologies. Due to the highly optimized implementation of the matchers, in large matching problem
COMA++ shows faster execution time than COMA. Without providing domain specific taxonomies or synonyms, COMA++ can solve many problems.

Figure 7 shows the underlying architecture of COMA++". The GUI of COMA++ provides access to the five main parts. the Repository to persistently store all
match-related data, the Model and Mapping Pools to manage schemas, ontologies and mappings in memory, the Match Customizer to configure matchers and
match strategies, and the Execution Engine to perform match operations.

FIG. 7: ARCHITECTURE OF COMA++
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To maximize the potential for reuse the Repository centrally stores various types of data related to match processing, in particular imported schemas and
ontologies, produced mappings, auxiliary information such as domain-specific taxonomies and synonym tables, and the definition and configuration of the
matchers. A generic data model is used to implement in a relational DBMS to uniformly store the different kinds of schemas and ontologies and mappings
between them.

Models are uniformly represented by directed graphs as the internal format for matching. The Model Pool provides different functions to import external
schemas and ontologies, and to load and save them from/to the repository. Formats supported by COMA++ include XSD, XML Data Reduced (XDR), OWL, and
relational schemas. From the Model Pool, two arbitrary models can be selected to start a match operation. The model pool also maintains all generated
mappings and offers various functions to further manipulate them.

Automatic match processing is performed in the Execution Engine in the form of match iterations, which are the building blocks for match strategies such as
fragment based matching. As indicated in Figure 7, match iterations take place in three steps, component identification to determine the relevant schema
components for matching, matcher execution applying multiple matchers to compute component similarities, and similarity combination to combine matcher-
specific similarities and derive the correspondences between the components. The obtained mapping can be used as input in the next iteration for further
refinement. Each iteration can be individually configured using the alternatives supported by the Match Customizer, i.e. the types of components to be
considered, the matchers for similarity computation, and the strategies for similarity combination.

COMA++ supports various methods to determine the components of a schema, such as nodes, paths, and fragments, and to determine the constituents of a
single component, such as its name tokens, child nodes, etc., which can be considered to estimate the similarity between two components. Multiple matchers
can be selected from the Matcher Library to compute the similarity between the identified components, resulting in a similarity cube. More than 15 matchers
exploiting different kinds of schema and auxiliary information are available. COMA++ then employs the combination scheme developed in COMA with
corresponding strategies for the sub-steps aggregation, direction, and selection [l to derive a match result from the similarity cube. The obtained mapping is a
set of correspondences specifying the matching components between two input models. Each pair of matching components is captured in a single
correspondence, i.e. a 1:1 match.

The COMA++ has two higher-level match strategies to address complex match problems, in particular Fragment-Based Matching and Reuse oriented Matching.
To cope with large schemas, COMA++ implements the fragment-based match processing framework proposed in g Following the divide-and-conquer idea,
it decomposes a large match problem into smaller sub problems by matching at the level of schema fragments. With the reduced problem size, it aims not only
at better execution time but also at better match quality compared to schema-level matching. The framework encompasses two matching phases Identifying
Similar Fragments and Match Fragments in the first step Depending on a specified fragment type, the step determines the fragments from the input schemas
and compares them to identify the most similar ones worth to be fully matched later. In the Match fragment strategy each pair of similar fragments represents
an individual match problem, which is solved in a single match operation to identify correspondences between their components. The result is a set of mappings
containing correspondences between fragment components, which are then merged into a global match result.

In reuse oriented matching the reuse of existing schemas is addressed in sl focusing on learning and using component statistics in a corpus of schemas for
matching. In contrast, it pursues the reuse of previously determined match results. The main mechanism for this approach is the Match Compose operation el
which performs a join-like operation on a mapping path consisting of two or more mappings, such as A-B, B-C, and C-D, successively sharing a common
schema, to derive a new mapping between A and D. Thus different matchers and match strategies in COMA++ can be used to match between schemas and
ontologies from several domains. Thereby, various interaction possibilities to influence the match process will be demonstrated, such as configuration of
matchers and match strategies, step-by-step execution of match operations, verification and further manipulation of match results.

[15,16]
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E. FALCON-AO

Falcon-AO is an automatic tool for aligning ontologies. The term Falcon-AO means Finding Aligning, Learning Ontologies, Capturing knowledge, Ontology-driven
approach, and Automatic tool for Aligning Ontologies. There are two matchers integrated in Falcon-AO: one is a matcher based on linguistic matching for
ontologies, called LMO; the other is a matcher based on graph matching for ontologies, called GMO. In Falcon-AO, GMO takes the alignments generated by LMO
as external input and outputs additional alignments. Reliable alignments are gained through LMO as well as GMO according to the concept of reliability. The
reliability is obtained by observing the linguistic comparability and structural comparability of the two ontologies being compared.

Falcon — AO Provides enabling technologies for finding, aligning and learning ontologies, and ultimately for capturing knowledge by an ontology-driven
approach. It is still under development as a component of Falcon; Falcon- AO is an automatic tool for aligning ontologies. It is dedicated to aligning web
ontologies expressed in OWL DL U8 There are two matchers integrated in current version of Falcon AO (version 0.3). One is a matcher based on linguistic
matching for ontologies, called LMO, and the other one is a matcher based on graph matching for ontologies, called GMO.

Linguistic matching plays an important role in matching process. Generally, linguistic similarity between two entities relies on their names, labels, comments and
some other descriptions. LMO combines two different approaches to gain linguistic similarities: one is based on lexical comparison; the other is based on
statistic analysis. In lexical comparison, the edit distances [ is calculated between the names of two entities and use the following function to capture the string
similarity (denoted by .?d):

|sllen +s2len -ed |

(1)
ss=1/e

Where ed denotes the edit distance between s1 and s2; s1./len and s2./len denote the length of the input strings s1 and s2, respectively. In statistic analysis, the
VSM (Vector Space Model) [l algorithm is used for implementation. Given a collection of documents, the N denotes the number of unique terms in the
collection. In VSM, each document is represented as a vector in an N-dimensional space. The components of the vector are the term weights assigned to that
document by the term weighting function for each of the N unique terms in the collection. The term weighting functions are defined as follows:

Term Weighting=TF * IDF @)
TF= ! 3
T

IDF—1*1+I D 4
=5 ( 0925) (4)

In equation (3), t denotes the number of times where one term occurs in a given document and T denotes the maximum number of times. In equation (4), D
denotes the number of documents in collection and d denotes the number of documents where the given term occurs at least once. The cosine similarity
between documents is gained (denoted by DS) by taking the vectors' dot product:

DS = N.N" (5)

The above methods will take effect in ontology matching. In our implementation, by the combination of the equations the final equation for the linguistic
similarity can be calculated.

Linguistic Similarity = 0.8 * DS + 0.2 * SS (6)

Another important component in Falcon-AO is GMO, which is based on a graph matching approach for ontologies. It uses directed bipartite graphs to represent
ontologies and measures the structural similarity between graphs by a new measurement. Similarity of two entities from two ontologies comes from the
accumulation of similarities of involved statements (triples) taking the two entities as the same role (subject, predicate, object) in the triples, while the similarity
of two statements comes from the accumulation of similarities of involved entities of the same role in the two statements being compared. GMO takes a set of
matched entity pairs, which are typically found previously by other approaches, as external mapping input in the matching process, and outputs additional
matched entity pairs by comparing the structural similarity. The GMO are irreplaceable when there was little gain from lexical comparison. The GMO can also be
integrated with other matchers. While using GMO approach to align ontologies, there should be another component to evaluate reliability of alignments
generated by GMO. LMO and GMO are integrated in Falcon-AO. Alignments output by Falcon-AO come from the integration of alignments generated by LMO
and GMO. The architecture of Falcon-AO is shown in Fig 8.

Due to heterogeneous ways in expressing semantics and the inference capability brought from ontology languages, two ontologies being matched may need to
be coordinated by removing some redundant axioms from it or adding some inferred axioms. So coordination actions should be taken before using GMO
approach. Several coordination rules are integrated in Falcon-AO. The Parser component is based on Jena 29 has the functionality of coordinating ontology
models. The given external mapping as input, GMO can find additional mapping.

FIG. 8: SYSTEM ARCHITECTURE

| Alignment mtegration |

Cratput Alizrments
The external mapping is made of two parts: one is the existing mapping pre-assigned by the system; the other comes from another matcher. The existing
mapping is the mapping between built-in vocabularies of web ontology languages, data types, data literals and URIs used in both ontologies. And in Falcon-AO
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the alignments generated by LMO as the other part of external mapping. Entities involved in the alighments generated by LMO are set to be external entities
and GMO will just output mapping between internal entities.

When the alignments generated by LMO and GMO are obtained, Falcon-AO will integrate the alignments by observing the linguistic comparability and structural
comparability, following some rules. The first rule is that the linguistic similarity is more reliable than structural similarity, and that the alignments generated by
LMO are always accepted by Falcon-AO. The second rule is that when the linguistic comparability is high and the structural comparability is low, only alignments
generated by GMO with high similarity are reliable and accepted by Falcon-AO. And the final rule is that if the linguistic comparability is low, all of the alignments
generated by GMO are accepted by Falcon-AO. In this case the information is not enough to measure the alignments can only be an assumption.

Falcon-AO is implemented in Java. The first implementation process is to Input two ontologies and parse them. Then Run LMO and obtain matched entity pairs.
After matching the entity pair linguistic comparability and structural comparability are calculated. if the linguistic comparability is below a very low threshold
(e.g.0.01) and the structural comparability of them is also low, we take that these ontologies are quite different and Falcon-AO exits with no alignment. External
entities of the ontologies are set according to the matched entity pairs generated by LMO. Input matched entity pairs generated by LMO into GMO and form
external mapping for GMO. In the current version of Falcon-AO, all the individuals of ontologies are specified as external entities and their similarities are
computed by LMO. Then by running GMO matched entity pairs are obtained. Then integrate the alignments generated by LMO and GMO following the rules
described above. Finally Exit with alignments as output.

While aligning real ontologies, linguistic matching plays an important role in matching process. Therefore, GMO is integrated with LMO in Falcon-AO. Ontology
matching is an important way to establish interoperability among (Semantic) Web applications using different but related ontologies. A practical system for
ontology matching called Falcon-AO is implemented. And Falcon-AO (version 0.7) performs quite well and balancing on most of tasks.

G. MoOIMS

MOMIS (Mediator envirOnment for Multiple Information Sources) approach 1.2 s an approach to the integration of heterogeneous data sources using a global
ontology, which is the result of a merge of the local data schemas. The goal of MOMIS is to give the user a global virtual view 23 of the information coming from
heterogeneous information sources. MOMIS creates a global mediation schema (ontology) for the structured and semi-structured heterogeneous data sources,
in order to provide to the user a uniform query interface to these sources. The first step in the creation of the global mediation schema is the creation of the
Common Thesaurus from the disparate data sources. First a wrapper is created for each data source in the ODL? languages. ODL? is an object-oriented language
with an underlying Description Logic language OLCD, which enables making inferences (e.g. subsumption) about the classes expressed in that language.

Using the disparate schemas, a Common Thesaurus is created, which describes intra and inter-schema knowledge about ODL,3 classes and attributes of source
schemas. The Common Thesaurus is built in an incremental process in which relationships (between classes) are added based on the structure of the source
schemas, lexical properties of the source classes and attributes can be used to identify possible synonyms), relationships supplied by the designer, and
relationships inferred by the inference engine.

FIG. 9: ARCHITECTURE OF THE MOMIS SYSTEM %,
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Once the Common Thesaurus has been created, a tree of affinity clusters is created, in which concepts are clustered based on their (name and structural)
affinity. The name affinity coefficient is calculated based on the terminological relationships between two classes. The structural affinity coefficient between two
classes is calculated based on the level of matching of attribute relationships in the Common Thesaurus. The sum of these two coefficients is the global affinity
coefficient, which is used to construct the affinity tree, in which concepts with a high affinity are clustered together. For each cluster in the affinity tree, a global
class is (interactively) created. For each global class a mapping (expressed in ODL) is maintained to all the source classes.
The architecture in Fig 9 shows the main tools used to support the overall architecture. A disadvantage is that there is no integrated tool environment. Any data
source can be connected to the architecture, as long as an obL,? wrapper is created.
H. INFOMIX
INFOMIX2#%5% s 3 system that supports information integration by utilizing advanced reasoning capabilities. The INFOMIX system is built in cooperation with
RODAN systems 7 \which is a commercial database management system developer. It uses the DLV reasoning system 8 for the reasoning tasks. The DLV system
is a disjunctive data log reasoning system and has been developed independently from INFOMIX. However, INFOMIX uses the DLV system for solving its
reasoning tasks.
The INFOMIX architecture is depicted in Fig. 10. It is divided into three levels and supports two modes and they are design mode and query mode. In design
mode the global schema, the source schema and the mapping between them are specified. Also, the wrappers for the data sources are created or imported. The
data sources consist of relational and XML data. In query mode query answering facilities are provided at run time; including data acquisition integration, answer
computation and presentation to the user. In both modes, the INFOMIX system is divided into three levels and they are Information Service Level, Internal
Integration Level and Data Acquisition and Transformation Level.
The Information Service Level is a direct interface to the user is provided at run time and to the designer at design time. This level deals with global data and
provides the interfaces that are necessary. It comprises two modules the Information Model Manager and the Query Formulation module The Information
Model Manager handles the definition of the global schema and the local schemas, as well as the mapping. User-friendly interfaces for these tasks, including
schema browsers, are provided. Automatic support for the verification of coherency, redundancy and adequacy of the application specification is given. Finally,
this module presents query results in a suitable form to the user. The Query Formulation module provides a graphical, user-friendly interface for query
formulation over the global schema and query validation facilities. The query validation facilities check the interactions between the user query and global
integrity constraints to guarantee that query answering is always decidable.
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The Internal Integration Level is based on computational logic and deductive database technology. It is composed by three modules Query Rewriter, Query
Optimizer, Query Evaluator. The Query Rewriter reformulates the user query according to global integrity constraints. It makes use of a sub module to verify data
consistency. This sub module exploits the mapping and unfolds the user query over the source relations and activates the corresponding wrappers to retrieve
relevant data. Afterwards, the sub module checks whether there are integrity constraint violations.

If no violations occur, the reformulation produced by the rewriter is a simple (disjunction free) Datalog program. Otherwise, a suitable disjunctive Datalog
program is generated that performs automatic repair of data, in a way such that cautious answers to this program evaluated over the data sources correspond
to the certain answers to the query.

FIG. 10: ARCHITECTURE OF THE INFOMIX SYSTEM .
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The Query Optimizer provides several optimization strategies which enhance the efficiency of the system. In particular, the module exploits some focusing
techniques which are able to isolate the portion of the source database that is relevant to answer a user query.

The Data Acquisition and Transformation Level provides access to external data sources. INFOMIX has an architecture which allows for the integration of
heterogeneous types of data sources. The primary types of data sources are relational, XML, HTML, and object-oriented data sources. However, it is claimed that
arbitrary other types of data sources can be incorporated easily. All data sources are conceptually transformed into a uniform source data format, which is a
fragment of XML Schema. Data encoded in this uniform source data format can be browsed. The acquisition and transformation of data is done by wrappers. A
query plan for executing suitable wrappers is generated, which load data into the Internal Data Store. Constants are pushed to the query wrappers whenever it
is possible in order to reduce the amount of data retrieved. Currently, INFOMIX offers three classes of wrappers, which provide different levels of support for
query formulation and wrapper code generation. Code wrappers are basically a definition of an APl and the code implementing it. The internals and
characteristics of code wrappers are therefore inaccessible to INFOMIX. Query wrappers propagate queries to external data sources and treat the result as a
logical data source. Visual wrappers support interactive development of wrappers at design time. Currently, there is support for developing LiXto wrappers and
pipes as well as for Rodans Data Extractor.
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APPROACH INPUT OUTPUT USER INTERACTION ONTOLOGY MAPPING AUTOMATION IMPLEMENTATION
LANGUAGE LANGUAGE SUPPORT
METHODS & TOOLS
MAFRA Two Mapping of Semantic Bridging RDFS Semantic Lexical and 2 Prototype
Ontologies Two Modules and Bridging Structural Matching | Implementation
Ontologies Graphical Interface Ontologies & Semi-automatic
(SBO) Creation of
Mappings
RDFT RDFS RDFTA Discovery of Research Prototype
Similarities Based
on Instance Data
PROMPT Two Merged User Accepts, RDFS, OWL Heuristic Bases Name and Version 2.1.1
Ontologies Ontology Rejects or Alters Analyser Structural Matching
System’s Suggestion
GLUE Two Set of Pairs of | User Defined Taxonomies Similarity Multi-strategy Research Prototype
Taxonomies Similar Mappings, Similarity Measures Machine Learning
with Data Concepts Measure & Approach
Instances Analysing System’s
Match Suggestion
S-Match - - - DAGs Ser-based Matching Based on 1 Prototype
(Equal, Disjoint, Synsets from
Subset, Thesauri using SAT
Superset) Solver
OntoMap - - - Proprietary OntoMapO - Prototype under
Language Development Since
Similar to OWL 2001
Lite
RDFDiff - - - RDF Changed, Detected Research Prototype
Added, Deleted Automatically
OMEN - - - Proprietary Bayesian Mappings that 1% Research Prototype
Language Network with depend on other
Similar to RDF individual Pairs Mapping can be
Schema of Matches as Inferred
nodes Automatically
WSMX - - - Flora (WSML SEKT Abstract String Matching, Research Prototype
Mediation Based) Mapping Wordnet Similarity
Language & Real-time User
Feedback
DOME - - - WSML SKET Abstract No Specific Research Prototype
Mediation Mapping Automation
Language Support
INTEGRATION SYSTEMS
InfoSleuth OKBC Wrappers - Project Prototype
ONION Terms in Two Sets of Human Expert Directed Articulation Term & Structural Research Prototype for
Ontologies Articulation Chooses or Deletes Labeled Graphs | Rules Matching Using Unification of
Rules or Modifies using and Horn SKAT Annotation Heterogeneous
GUI Tool Clauses Tool Ontologies
OBSERVER Two Inter- Query Based Description Extended Query Processing Research Prototype for
Ontologies relationship Interface Logics Relational Access of of
Manager (CLASSIC) Algebra for Heterogeneous Data
Mapping Source
Ontology — DB &
DL
INFOMIX - - - Set of Logical Disjunctive - 1st Project
Implications in Datalog
Disjunctive
Datalog
AutoMed - - - HDM HDM Bidirectional LSDI Project ISPIDER
Similarity Degrees Project RoDEX Project
Comparison of Methods & Tools for Ontology Languages, Mapping Languages, Automation Support and Implementation
CONCLUSION

Ontology mediation is enabled through interoperability of semantic data sources. It helps data sharing between heterogeneous knowledgebase and reuse by
semantic applications. Ontology mediation includes operations such as, mapping, alignment, matching, merging and integration. After briefly describing these
operations, this study selectively discusses set of methods, tools and data integration systems. It provides the researchers a comprehensive understanding of
methods and tools intended for ontology mediation.
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