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Abstract. Ontologies proliferate with the growth of the Semantic Web.
However, most of data on the Web are still stored in relational databases.
Therefore, it is important to establish interoperability between relational
databases and ontologies for creating a Web of data. An effective way to
achieve interoperability is finding mappings between relational database
schemas and ontologies. In this paper, we propose a new approach to dis-
covering simple mappings between a relational database schema and an
ontology. It exploits simple mappings based on virtual documents, and
eliminates incorrect mappings via validating mapping consistency. Ad-
ditionally, it also constructs a special type of semantic mappings, called
contextual mappings, which is useful for practical applications. Experi-
mental results demonstrate that our approach performs well on several
data sets from real world domains.

1 Introduction

The popularity of ontologies is rapidly growing since the emergence of the Seman-
tic Web. To date, the amount of available Web ontologies continues increasing
at a phenomenal rate. For example, Swoogle [10] has collected more than 10,000
ontologies so far. However, most of the world’s data today are still locked in data
stores and are not published as an open Web of inter-referring resources [4]. In
particular, as reported in [6], about 77.3% data on the current Web are stored
in relational databases (the so-called “Deep Web”). Therefore, it is necessary to
actualize interoperability between (Semantic) Web applications using relational
databases and ontologies.

In order to achieve such interoperability, an effective way is to discover map-
pings between relational database schemas and ontologies. Although relational
databases are based on closed-world assumption while ontologies use open-world
semantics, there usually exist some approximate correspondences between them.
For instance, an attribute in a relational database schema may correspond to a
property in an OWL ontology. In fact, relational databases can be formalized by
First Order Logic (FOL) [21]; while the logical foundation for OWL ontologies
is Description Logic (DL) [2], which is a subset of FOL. Thereupon, it is feasible
to construct mappings between relational database schemas and ontologies.
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The motivation for recasting information from relational databases into Semantic Webbish formats (ontology 
languages based on DLs, e.g., OWL DL) is clear. The need is also significant—while the number of ontologies 
on the Semantic Web continues to grow, more than three quarters (77.3%) of the data on the web today is 
stored in relational databases. Fortunately, since relational databases can be formalized in first-order logic 
(FOL), and popular SW ontology languages are based on DLs, which correspond to a fragment of FOL, it is 
possible to construct mappings between relational databases and ontologies.
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Well designed relational databases tend to have two types of tables. Some tables, such as Author and Paper 
represent individuals of a particular class. Each row of such a such a table corresponds to some individual. 
One (or more) attributes of such a table serve as an identifier for the row: this attribute is called a primary 
key. Other attributes in the table specify information about the individuals described by the table. Other 
tables, such as writes, identify relationships between individuals represented by other tables. These 
typically have foreign keys as attributes; e.g., writes has an aid and pid, which are ids of authors and 
papers.

Ontologies typically have three types of entities, classes, properties, and individuals. Classes, such as 
Paper, Conference Paper, and Author, are arranged into a well-defined hierarchy, perhaps including, for 
example, subclass (subsumption) relationships and disjointness. Properties, such as hasAuthor and hasID, 
represent relationships between individuals. These may have specified domains, ranges, and a property 
might be a subproperty or inverse of another property.
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• We recognize that write and hasAuthor are intended to represent exactly the same information, and so, 
ideally, the could ‘magically’ compute their equivalence, and with perfect confidence. 
• Similarly, hasID, the range of which is Paper, seems like a relationship equivalent to the id: integer 
attribute of the Paper table. Could this also be discovered automatically?
• We might recognize that the Paper table corresponds to the Paper class, but could we determine, at least 
with some certainty that the class corresponding to the table Paper subsumes the class Conference Paper?
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1. Database and ontology entities are partitioned so as to limit the mapping search space. This goes beyond 
the simple relation and attribute to class and property mapping discussed in Definition 3.
2. Simple mappings are found using “virtual documents” (vectors corresponding to entities) and confidence 
metrics computed from the virtual documents.
3. The consistency of the generated mappings is checked against type restrictions for attributes and 
properties. Some inference is incorporated into this phase.
4. Contextual mappings are sophisticated mappings that could be used to construct views for information 
using selection constraints.



Classifying Entity Types

1. {SER ∪ WER} × C
 e.g., Author

2. {RRR ∪ SRR} × PO
 e.g., writes

3. FKA × PO
 e.g., publisher:integer

4. FKA × {PD ∪ PO}
 e.g., title:string
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As mentioned before, database tables are either entity tables or relationship tables. The difference between 
strong and weak entity tables, and between regular and specific relationship tables doesn’t seem to have 
large role here, so we can ignore the distinctions. Foreign key attributes, however, are those whose values 
indicates rows in other entity tables, and so indicate object properties. Non-Foreign key attributes may have 
literal values or identifiers for other entities, and so may correspond to object or datatype properties.
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Simple mappings are “discovered” by building “virtual documents” (statistical representations), or VDs, of 
entities in the database and ontology, and then the confidence of a mapping between two entities is the 
cosine of these statistical representations. How these are defined is different for the various types of 
entities, but once the VDs are built, computing confidence is a simple cosine operation.

In the paper, the description of an entities is simply the name of the entity. The authors do not specify, but 
presumably the descriptions in real applications might use extra annotations, like rdfs:label, or 
rdfs:comment.
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VD(foaf:firstName) = foaf:firstName
                               + α·foaf:Person
                               + β·rdf:Literal

VD(foaf:member) = foaf:member
                             + α(foaf:Group
                                    + foaf:Agent)

confidence(VDi,VDj) = cos(Ni,Nj)
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Simple mappings are “discovered” by building “virtual documents” (statistical representations), or VDs, of 
entities in the database and ontology, and then the confidence of a mapping between two entities is the 
cosine of these statistical representations. How these are defined is different for the various types of 
entities, but once the VDs are built, computing confidence is a simple cosine operation.

In the paper, the description of an entities is simply the name of the entity. The authors do not specify, but 
presumably the descriptions in real applications might use extra annotations, like rdfs:label, or 
rdfs:comment.



Validating Consistency

• Assume that mappings between ontology 
classes and entity relations are correct.

• Check whether proposed property 
mappings satisfy constraints (e.g., 
rdfs:domain, rdfs:range).
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Compared to the work needed for the computing the mappings between classes and entity relations, 
consistency checking is simple. It is assumed that the mappings between ontology classes and entity 
relations that have been generated are correct. Then, the proposed mappings can be checked for 
consistency (e.g., based on declared domains and ranges).



Constructing 
Contextual Mappings

Paper

id: integer

title: string

type: integer

Conference 
Paper

Paper

Journal 
Paper

rdfs:subClassOf
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Contextual mappings are mappings in which attributes are used to map individuals in an entity table to 
classes in the ontology that are subclasses of the class to which the entire entity relation corresponds. Of 
course, some such relations could be extracted from rdfs:subClassOf properties in the ontology, but here 
we are looking for those subclasses whose elements can be determined by particular attribute values. To be 
able to do this, of course, requires instance data. Fortunately, databases are full of instance data, and it 
turns out that most ontologies have some too.
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For each relation u to class v mapping:
For each disjoint subclass of v:

Compute the databases instances 
corresponding to the subclass.

Find a maximizing information gain.
When gain > threshold

add contextual mappings for a and 
the subclasses of v.
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Contextual mappings are mappings in which attributes are used to map individuals in an entity table to 
classes in the ontology that are subclasses of the class to which the entire entity relation corresponds. Of 
course, some such relations could be extracted from rdfs:subClassOf properties in the ontology, but here 
we are looking for those subclasses whose elements can be determined by particular attribute values. To be 
able to do this, of course, requires instance data. Fortunately, databases are full of instance data, and it 
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Evaluation

• Simple—local descriptions only, α=0, β=0, 
no consistency checking

• VDoc—virtual documents, no consistency 
checking, α=0.2, β=0.1

• Valid—Simple with consistency checking

• Marson—All four phases, α=0.2, β=0.1

• Ronto—Papapanagiotou &al. in 2006
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ID R #R #A O #C #P Ref.

1 UTCS 8 32 Univ. CS 53 35 18

2 VLDB 9 38 Conference 18 29 27

3 DBLP 5 27 Bibliography 66 81 21

4 OBSERVER 8 115 Bibliography 66 81 72

5 Country 6 18 Factbook 43 209 22

better than Simple, and Marson is dominant in most data sets. More specif-
ically, VDoc improves Simple in tests 1, 2, and 5, because it can discover the
mappings between the entities having little commonality in their local descrip-
tions. Valid enhances Simple in almost all the data sets, since it often occurs
that the relational schema in each data set has some attributes in different rela-
tions owning the same names such as “id” or “name”. But the mappings found
additionally by VDoc and Valid are not completely orthogonal, some of them
are overlapped. Based on the experiment, Marson is the best one on nearly all
the data sets except for a slight lag in test 4. It demonstrates that it is feasible
to integrate VDoc and Valid together and achieve a good result.
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Fig. 4. Comparison of F1-Measure

The comparison results between Marson and Ronto are shown in Fig. 4(b).
It indicates that Marson performs better than Ronto in average F1-Measure.
The reason is that Marson can find additional correct mappings by VDoc, and
eliminate some inconsistent mappings by Valid.

Furthermore, it is valuable to mention that Marson is quite efficient in the
first experiment. Based on our environment (Intel Pentium IV 2.8GHz processor,
512MB memory, Windows XP Professional, and Java SE 6), it takes about 5
seconds to complete all the five tests (including the parsing time).

In the second experiment, the contextual mappings constructed by our al-
gorithm are evaluated by experienced volunteers, and the results are exhibited
in Table 3. Marson constructs some interesting contextual mappings. For in-
stance, in test 2, Marson constructs a contextual mapping between the relation
Event and the class Conference. It points out that when the values of the at-
tribute type in Event equals to “Research Session” or “Industrial Session”, the
subsumption relationship between Event and Conference can be converted to
the equivalence relationship. In most tests, our algorithm finds all the possible
contextual mappings. But in test 1, it misses the contextual mapping between
the relation academic staff and the subclasses of Faculty (e.g. Professor),
because without background knowledge, Marson cannot discover the mapping
between academic staff and Faculty.
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The table on top shows the five databases and ontologies for which mappings were constructed. The Ref 
column shows the number of mappings generated by trained individuals. There is no breakdown of these 
between simple mappings between relations and class, simple mappings between attributes and properties, 
and contextual mappings. Note that the graph on the left compares Simple, VDoc, Valid, and Marson, 
though all of these are simply subsets of Marson; i.e., they are Marson with various phases turned off.


