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Abstract. This paper presents a method to develop conceptual schemas as
refinements of more general ontologies. However, when the refined ontology is
large, a new problem that arises using this approach is the need of pruning the
concepts in that ontology that are superfluous in the final conceptual schema.
This pruned ontology cannot be accepted as a final conceptual schema because it
can be greatly improved. Therefore, we use refactoring operations to solve this
problem in order to obtain the final conceptual schema. The present document
takes special attention to the pruning and refactoring activities, which are the
core of my thesis.

1 Introduction

In general, most of the conceptual schemas (CS) of information systems (IS) are
created from scratch, wasting a lot of time and resources. This thesis aims to define a
new approach to develop CS of IS reusing the knowledge that exists in large
ontologies.

An ontology is the explicit specification of a conceptualization in some language
[1]. In our work, we consider a conceptual schema as the ontology that an information
system needs to know.

The general trend towards software reusability has also had its impact on conceptual
modelling, and there have been many efforts trying to reuse existing ontologies in the
development of new conceptual schemas [2]. In particular, an ontology plays the base
role if it is the basis from which the CS is derived, so the CS can be seen as an
specialization of the ontology.

The structure of the paper is as follows. Next section defines the basic structure of
our proposal. Section 3 presents an overview of our pruning method and its remaining
work. Section 4 explains the general structure of our refactoring activity and points out
its further work. Finally, section 5 states the relevance of our work, and its application
to other areas.

* This work has been partly supported by the Ministerio de Ciencia y Tecnologia and FEDER
under project TIC2002-00744
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Figure 1: The structure of our proposal

2 The basic structure of our approach

Our proposal uses the base role to create the CS of an IS from a general ontology (Og).

Our proposal uses three activities to obtain the final CS (see figure 1):

- Refinement: Og may not contain some of the elements (entity types, relationship
types, attributes and integrity constraints) required for the IS. In this case, a phase
is needed that allows the designer to execute a set of additive operations to the
ontology to create those elements. Usually Og will be quite large, so several
techniques shoud be implemented to support its refinement in a usable and easy
way. The result of this phase is what we call the extended ontology (Ox).

- Pruning: At this point, Ox has all the knowledge needed by the IS, but it cannot be
used as CS because of its huge magnitude (it may have more than 10° entity types
and 10° relationship types). The majority of the Ox elements are irrelevant to the
IS, then a pruning phase is needed to delete these elements. After this phase, a
pruned ontology is obtained (Op).

- Refactoring: At this point we can say that all the concepts of Op are relevant for
the IS. However, some of them are redundant and must be deleted, and some other
may be restructured (by refactoring operations) to create a CS more compact and
with a higher quality. The result obtained is the final CS.

Due to the magnitude of the whole approach, my thesis is focused only in the
pruning and refactoring activities. Our aim in this thesis is to define completely the two
activities, automating them as much as possible.

A more exhaustive view of our approach can be obtained from [3]. Moreover, some
examples of its application can be obtained from [4, 5].



3 Pruning Conceptual Schemas

As we have already seen, after refining Og we obtain the extended ontology Ox.
Usually, this ontology is not directly usable, because it is quite large and contains many
irrelevant concepts for a particular IS. Thus, the pruning activity must identify and
delete the Oy irrelevant concepts. We will use figure 2 to exemplify this activity.

3.1 Actual solutions to pruning ontologies

The need for pruning an ontology has been described in several research works in the
fields of information systems and knowledge bases development. We may mention
Swartout et al. [6], Knowledge Bus [7], Text-To-Onto [8], Wouters et al. [9],
Yamaguchi [10] and OntoLearn [11].

Most of the above methods (Swartout et al.,, Text-To-Onto, OntoLearn and
Yamaguchi) are used to prune linguistic ontologies. These ontologies do not contain
some of the elements of the UML ontologies, such as integrity constraints (IC). We
think the IC are fundamental in conceptual schemas, so we want a pruning method
capable of dealing with them. Thus, we cannot use this pruning approaches.

The Wouters et al. approach [9] defines a method to prune UML ontologies.
However, it has not been formally defined and merges both its pruning and refactoring
phases, doing the method less general and modifiable. Thus it is not applicable to our
proposal.

The Knowledge Bus [7] fulfills some of our requirements because allows pruning
more expressive ontologies and takes into account the integrity constraints.
Nevertheless, its pruned ontologies are too large to be used in our approach because of
its pruning criteria.

3.2 The problem

The pruning activity needs to know which elements from Oy are of direct interest in
the final ontology. A concept (for us a concept is either an entity type, a relationship
type or an attribute) is of direct interest in a given ontology if the designers are either
interested in representing its population, or inferring new information from it. We
denote by Col the set of concepts of direct interest in Ox.
The objective of our pruning activity is to obtain a pruned ontology Op such that:
a) Opis a subset of Oy, and
b) Op includes the concepts of direct interest, and
¢) If C; and C, are two concepts in Op and there is a direct or indirect
generalization relationship between them in Oy, then such relationship must
also exist in Op, and
d) If cis a concept, i is an instance in Op and there is an instanceOf relationship
between them in Oy, then such relationship must also exist in Op, and
e) Op includes all constraints defined in Ox whose constrained concepts are
either of direct interest, or parent of a concept of direct interest, and
f) Op is consistent, that is, it is a valid instance of the ontology modeling
language in which it is specified, and
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Figure 2: Example of pruning and refactoring activities

g) Op is minimal, in the sense that if any of its elements is removed from it, the
resulting ontology does not satisfy (b-f) above.

For each Ox and Col there is at least an ontology Op that satisfies the above

conditions and, in the general case, there may be more than one.

3.3 Our proposal

Our pruning method uses the functional requirements of the IS to select the concepts of
direct interest. We assume that functional requirements are formalized as system
operations [12], which consist of a signature, a precondition and a postcondition
formalized in OCL.

The selection algorithm selects the concepts that are referred to within the

functional requirements. When a relationship type or an attribute are selected, all their
participants are selected as well. Then, the pruning algorithm obtains Op in the
following four steps.

Pruning irrelevant concepts and constraints:

This step deletes those concepts not included in G(Col), which is obtained by the
union of Col concepts and all its parents. Pruning a concept implies the pruning of
all generalization relationships in which that concept participates.

Similarly, we prune the irrelevant constraints. A constraint is irrelevant if not all
the concepts that appear in it are included in G(Col). We call O, the ontology
resulting from this step.

In figure 2, we have that GeographicalAgent and University are pruned because
they are not contained in the set G(Col).

Pruning unnecessary Parents:

Not all the concepts of O; are needed in the CS. The strictly needed concepts



(NeededConcepts) are given by the union of the concepts of direct interest and the
concepts that appear in the definition of the remaining constraints. The other
concepts that are parents of NeededConcepts and are not children of any concept
in NeededConcepts are deleted. As a result we obtain O,.
In figure 2, the parents of Agent (Thing and Individual) are deleted, because they
are parents of a needed concept (Agent), and none of its parents are needed
concepts.
- Pruning unnecessary generalization paths:
0, may contain several duplicated specialization paths that can be deleted when
their elements are not included into NeededConcepts, and, besides, do not
participate in other specialization paths.
In figure 2 one specialization chain between Agent and Person is deleted
(Person ?Primate ?Mammal DAnimal DAgent), because none of its classes are
needed elements and there is a shorter generalization path (Person>>Legal
Agent PSocial Being 2Agent) between the same ends.
- Pruning individuals:
This step removes the instances of the ontology such that all their classifiers have
been deleted in the previous steps. The result of this step is Op.
In table 1 we may see the results of the application of our pruning activity in a case
study [4].

Table 1. Results of the aplication of our method to a case study

Kind of element Ox Op After automatic refactoring CS
Entity Types 2,268 200 44 31
Relationship Types 1,191 85 45 45

3.4 The state of the pruning activity

Until now, we have defined the pruning activity for UML [13], and we have also
implemented a prototype that prunes UML ontologies. In addition, several case studies
have been tried [4, 5] to validate the efficiency of the pruning activity. Furthermore, we
adapted our method to prune OWL ontologies in [14]. We also defined in the same
document a taxonomy that classifies the different ways of selecting the concepts of
direct interest.

We think that our pruning the method can be also used in other contexts. In
particular, we would like to use it in the development of domain ontologies, which is
an ontology that represents the generic concepts related to a particular domain. We also
would like to implement the pruning method in a CASE tool which provides
independence of the selection strategy.

4 Refactoring Conceptual Schemas

Normally, a pruned ontology Op cannot be accepted as a final conceptual schema
because it tends to be quite large and can be greatly improved. The objective of the



refactoring activity is then to obtain a conceptual schema CS that is externally
equivalent to Op yet improves its structure.

4.1 Actual refactoring approaches

The refactoring concept appears with Opdyke in 1992 [15]. Nevertheless, the most
accepted definition is the Fowler definition [16]. He defines a refactoring as a change
made to the internal structure of sofiware to make it easier to understand and cheaper
to modify without changing its observable behaviour.

It is not until 2001 that Sunye et al. [17] define the refactoring process to conceptual
schemas written in UML, defining a set of refactoring operations applicable to class
diagrams. As far as we know, this is the first paper that shows the refactoring as an
analysis and design technique instead of a technique that applies only to source code.
Nevertheless, nowadays it does not exist a public repository of CS refactoring
operations yet.

Nowadays, some of the efforts in this field are directed to automatically detect when
a refactoring operation can be applicable (also known as detecting refactoring
opportunities). The main works about detecting refactoring opportunities in CS are
addressed by Van Gorp et al. [18]. They define a way to specify UML refactoring
operations that allows automating its detection in several cases. Moreover, Porres
defines in [19] a way to represent refactoring operations using transformation rules.
This approach allows automating the refactoring detection in several cases, as it can be
seen in the example used in his paper.

4.2 Our proposal

The objective of our refactoring activity is to obtain a CS such that:
- CS and Op are functionally equivalent with respect to the IS requirements
- CSis obtained only by using refactoring operations
- CSis more compact than Op, and it is closer to the structure that the designer has
in mind

Although the refactoring is commonly performed by the designer, important parts of
the activity can be automated when the IS requirements are formalized. Thus, our
activity is composed by an automatic refactoring and a manual refactoring.

4.2.1 Automatic Refactoring

The main objective of the automatic refactoring is to automatically detect the
maximum number of refactoring opportunities, and apply their associated refactoring
operations.

Up to now, we have directed our efforts to detect the redundancies contained in Op.
We say that two entity or relationship types are redundant (or equivalent) in a
conceptual schema if they have the same extension in all possible states of the
corresponding information base [20]. For example, in Figure 2 Legal Agent and Person
are redundant.

Until now, we have defined two similar but independent conditions for redundancy
that detects when two generalizable elements are redundant:



- Single Child: There exists an abstract concept that has only one child.

- Single Parent: There exists an abstract concept that has only on parent.

Once detected, the redundancies are deleted using the CollapseHierarchyDown [16]
operation. Furthermore, our conditions for redundancy require to know the value of the
meta-attribute isAbstract. For the purposes of our redundancy conditions, we make the
conservative assumption that a concept in a pruned ontology Op is abstract if it is never
referenced in the specification of the system operations.

4.2.2 Manual refactoring

Unfortunately, not all the refactoring opportunities can be detected automatically,
because they depend on the designer criteria. Thus, a phase is necessary that allows the
designer to execute refactoring operations on Op to improve it.

4.3 The state of the refactoring activity

Until now, we detected and defined the single child and single parent redundancies in
the UML case [3]. We have also validated this approach on several case studies [4, 5].
Table 1 shows the results of the application of this activity in [4].

We have more work to do in this phase than in the previous one, because we have
not begun to work deeply in this activity. The further work of this activity is:

- Adapt the concept of conceptual schema refactoring to ontology refactoring.

- Formally define the refactoring opportunities of the automatic refactoring.

- Define a repository of refactoring operations, applicable both to CS and
ontologies, taking into account their special constructs, such as instances,
metaclasses, association classes, and so on.

- Automate the refactoring activity as possible. To achieve this objective we will
work both in the detection of new refactoring opportunities, finding out more
redundancy conditions and improving the automatic identification of abstract
elements

At the end of this work, we would like to implement the refactoring activity in a

CASE tool.

5 Contributions of this work

We believe that our whole approach may yield important benefits in the assisted
creation of conceptual schemas. Its advantages are that it allows reusing the knowledge
written by domain experts in a semiautomatic way. It is definitely directed to IS
designers, so it will be implemented in a CASE tool, using UML as the ontology
language. Although large ontologies may be used to learn about a domain, they are
usually too large to do it possible. We think the combination of the pruning and
refactoring activities might be used to obtain a focused ontology that allows learning
knowledge more easily from large ontologies.

However, we think our individual activities may also yield important benefits in the
pruning and refactoring of conceptual schemas. In particular, our pruning activity is the
only UML-based method, and, as far as we know, it is actually the method that



generates the smallest pruned ontologies. On the other hand, the rest of pruning
methods are strongly influenced by their selection criteria, and must be redefined if the
selection criteria changes. Our pruning method is independent of both the selection
criteria and the ontology language [14].

The refactoring activity may also be relevant to actual research, because we would
like to define both the refactoring for ontologies in a formal way and a repository of
ontology refactoring operations. Furthermore, the refactoring opportunities identified
in this thesis might be used by other people to improve automatically their conceptual
schemata.
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