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Abstract. We propose a novel approach to reverse engineering of relational databases to ontologies. Our approach is based on the idea that semantics of a relational database can be inferred, without an explicit analysis of relational
schema, tuples and user queries. Rather, these semantics can be extracted by
analyzing HTML forms, which are the most popular interface to communicate
with relational databases for data entry and display on the Web. The semantics
are supplemented with the relational schema and user “head knowledge” to
build an ontology. Our approach can be applied to migrating data-intensive
Web pages, which are usually based on relational databases, to the ontologybased Semantic Web.

1 Introduction
With the development of Web technology, data-intensive Web pages [1], which are
usually based on relational databases, are seeking ways to migrate to the ontologybased Semantic Web [2]. This migration calls for reverse engineering of relational
databases to ontologies [3]. However, there are few approaches that consider ontologies as the target for reverse engineering. A majority of the work on reverse engineering has been done on extracting a conceptual schema (such as an entity-relationship)
from relational databases. As an attempt to fill gap in this area, we propose a novel
approach to reverse engineering of relational databases to ontologies.

2 Related Work
There exist few approaches that consider ontologies as the target for reverse engineering. The existing approaches fall roughly into one of the three categories or their combination:

− Approaches based on an analysis of relational schema: E.g. Stojanovic et al’s
approach [3] provides a set of rules for mapping constructs in the relational database (i.e. relations, attributes, tuples and constraints) to semantically equivalent
constructs in the ontology (i.e. classes, attributes, instances and axioms). These
rules are based on an analysis of relations, key and non-key attributes, functional
and inclusion dependencies. Dogan and Islamaj’s approach [4] provides simple and
fully automatic (i.e. without user interaction) reverse engineering: relations map to
classes, attributes in the relations map to attributes in the classes and tuples in the
relational database map to instances in the ontology. However, this approach ignores inheritance, thus building the ontology that looks rather “relational”
− Approaches based on an analysis of tuples: E.g. Astrova’s approach [5, 6] builds
an ontology based on an analysis of relational schema. Since the relational schema
often provides very few explicit semantics, this approach also analyzes tuples in the
relational database to discover additional “hidden” semantics (e.g. inheritance)
− Approaches based on an analysis of user queries: E.g. Kashyap’s approach [7]
builds an ontology based on an analysis of relational schema; the ontology is then
refined by user queries. However, this approach does not create axioms, which are
part of the ontology.
The application of the existing approaches to migration of data-intensive Web pages
to the Semantic Web can be limited by the completeness of input information and its
correctness. On one hand, the complete information about the relational database,
such as functional and inclusion dependencies, is usually not available. There are
always relations with unknown primary keys and attributes with naming conflicts (e.g.
synonyms and homonyms) [8]. Therefore, Dogan and Islamaj’s, Stojanovic et al.’s,
Astrova’s and Kashyap’s approaches may require more input information than it is
possible to provide in practice. On the other hand, a bad-designed, optimized and denormalized relational schema, and erroneous tuples must also be taken into consideration. However, Astrova’s approach assumes that tuples in the relational database contain no errors. Moreover, this approach considers a relational schema in third normal
form (3NF) – again an unrealistic assumption, because the relational schema can be in
any normal form [9].
By contrast to the existing approaches, our approach is based on the idea that semantics of the relational database can be inferred, without an explicit analysis of the
relational schema (i.e. relations, key and non-key attributes, functional and inclusion
dependencies), tuples and user queries. Rather, these semantics can be extracted by
analyzing HTML forms. The semantics are supplemented with the relational schema
and user “head knowledge” to build an ontology.

3 Why to Analyze HTML Forms
There are many reasons why to analyze HTML forms:
− HTML forms are the most popular interface to communicate with a relational database for data entry and display on the Web

− HTML forms are designed to be user-friendly. Therefore, they are usually associated with some descriptive text to help the users understand the semantics. This is
an important advantage of HTML forms, as the users have to guide the process of
reverse engineering. User interaction is needed, when ambiguities occur or semantics of the relational database cannot be inferred automatically [3]
− HTML forms do not necessarily mirror the structure of the relational database (i.e.
the relational schema) behind them. Rather, they serve as communication interface
with the relational database. The relational database can be bad-designed and denormalized; it can contain unusual and optimization structures [8]
− HTML forms are structured collections of fields, which are appropriately formatted
to communicate with the relational database. Therefore, data contained in the forms
is usually structured, while the structure of the relational database is often unknown
in advance [10]
− HTML forms often contain instructions (or annotations) that the users should follow to correctly fill in fields or to get relevant information on the entries of fields.
These instructions are part of the contextual knowledge [11]
− Field names in HTML forms are usually more explicit and meaningful than the
names of corresponding attributes in the relational database.

4 Our Approach
Our approach uses a relational schema and HTML forms as input, and goes through
three basic steps: (1) analyzing HTML forms to extract a form model schema that
expresses semantics of a relational database behind the forms, (2) transforming the
form model schema into an ontology (“schema transformation”), and (3) creating
ontological instances from data contained in the forms (“data migration”).
4.1 Extracting Form Model Schema from HTML Forms
A form model schema [12] was originally proposed to extract an entity-relationship
schema from database forms. It consists of:
− Underlying source: This is a structure of the relational database (i.e. a relational
schema), which defines relations and attributes along with their data types
− Form field: This is an aggregation of name and entry associated to it1. A name is
pre-displayed and serves as a clue to what is to be entered by the user or displayed
by the HTML form. An entry is the actual data; it roughly corresponds to an attribute in the relational database. We use the term of linked attribute for such an entry
to distinguish it from other entries, which are computed or simply unlinked with the
underlying source
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However, we can also identify a form field, where there is no name for the entry.

− Structural unit: This is a logical group of closely related form fields. It roughly
corresponds to a relation in the relational database
− Relationship: This is a connection between structural units that relates one structural unit to another (or back to itself). There are two kinds of relationship: association and inheritance
− Constraint: This is a rule that defines what data is valid for a given form field. A
cardinality constraint specifies for an association relationship the number of instances that a structural unit can participate in
− Form type: This is a collection of empty form fields
− Form template: This is a particular representation of form type. Each form template
has a layout (i.e. its graphical representation) and a title, which identifies the
HTML form and provides its general description
− Form instance: This is an occurrence of form type, when its template is filled in
with data.
In reverse engineering of relational databases to ontologies, the first step is analyzing
HTML forms to extract a form model schema. Basically, this means identifying structural units, linked attributes and relationships using the wrapper generation techniques
[10]. It can be accomplished most successfully by the users (e.g. domain experts), who
are knowledgeable about the application domain. Indeed, it is usually easy for the
users to parse HTML forms in order to understand their structure and meaning, while
performing these tasks is often difficult to automate. E.g. difficulties arise, when the
forms contain multiple frames, optional and multi-valued attributes, attributes as values, merged attributes and values, externally factored data, duplicate data and synonyms [10]. Therefore, our approach emphasizes the user “head knowledge” in the
analysis of structure of HTML forms, assuming that the forms are user-friendly.
In addition to the structure of HTML forms, data contained in the forms are analyzed to identify constraints. Data analysis includes a strategy of learning by examples
borrowed from the machine learning techniques [13, 14]. In particular, it is performed
as a sequence of learning tasks from the relational database. Each task is specified by:
(1) task relevant data (e.g. data contained in the forms), (2) problem background
knowledge (e.g. the application domain knowledge), and (3) expected representation
of results of learning tasks (e.g. the first order predicate logic) [12]. The results of
learning tasks are related to a current state of the relational database; they are, therefore, generalized into knowledge about all possible states through an induction process. This process combines the semantics extracted from the forms with the application domain knowledge, which is provided by the users. This knowledge controls the
learning tasks to come to the best inductive conclusion, the conclusion that will be
consistent with all possible states of the relational database.
Several HTML forms are usually used to communicate with the relational database.
Each form represents a particular view of the relational database. Therefore, an analysis of these forms will produce several form model schemata that will be merged into a
single one through an integration process. First, the schemata are compared for overlaps in structure. This means looking for structural similarities: similar names of structural units and linked attributes, similar structures of structural units and relationships.
Second, the schemata are compared for overlaps in meaning. By using their knowl-

edge of application domain, the users look for structural units that correspond to the
same real-world objects, but have different names. Third, structural and naming conflicts (e.g. synonyms and homonyms) are resolved. Conflicts can also be in different
constraints on the linked attributes and different cardinality constraints on the relationships. By going through these three steps, the integration process makes the schemata
consistent with one another and brings them together into a single one that makes
sense for all HTML forms.
4.2 Schema Transformation
The second step of reverse engineering is transforming the form model schema into an
ontology (“schema transformation”). Basically, this means replacing a construct in the
form model schema with a semantically equivalent construct in the ontology using the
mapping rules in Table 1.
Table 1. Summary of schema transformation

1
2
3
4
5

Mapping rule
Structural unit maps to class
Linked attribute in structural unit maps to attribute in class
Binary association maps to attribute in class; ternary or higher degree
association gets its own class
Constraint maps to axiom
Inheritance hierarchy of structural units maps to inheritance hierarchy of
classes

4.3 Data Migration
The third step of reverse engineering is creating ontological instances from data contained in the HTML forms (“data migration”). Basically, this means assigning values
to the appropriate attributes in the ontology using the table understanding techniques
[10].

5 Conclusion
We have proposed a novel approach to reverse engineering of relational databases to
ontologies. Our approach is based on the idea that semantics of a relational database
can be extracted by analyzing HTML forms (both their structure and data). These
semantics are supplemented with the relational schema and user “head knowledge” to
build an ontology.
Our approach can be applied to migrating data-intensive Web pages, which are
usually based on relational databases, to the ontology-based Semantic Web. The main
reason for this migration is to make the Web content machine-understandable [3].

Data-intensive Web pages do not exist, until they are generated dynamically from
relational databases at the time of user requests [1]. Since data is usually represented
through HTML forms for displaying to the users (i.e. intended for human consumption
only), machines cannot understand and process data-intensive Web pages.
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