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Abstract

The integration of heterogeneous and autonomous information sources
is a requirement for the new type of cooperative information systems.
In this paper we show the advantages of using a terminological system
for integrating pre-existing relational databases. From the resulting
integrated schema point of view, using a terminological system allows
for the definition of semantically richer integrated schema. From the
integrated schema generation process point of view, the use of a ter-
minological system permits the definition of a more consistent, broad
and automatic process. Last, from the query processing point of view,
terminological systems provide interesting features for incorporating
semantic and caching query optimization techniques. The advantages
are presented in detail for each main step of the integration process:
translation, integration and query processing.
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1 Introduction

Within most organizations there exists many heterogeneous databases, that
have been defined independently, which store data that are somehow related.
A global and uniform treatment of all these data, maintaining at the same
time the autonomy of the component systems, will bring the organizations
the opportunity of improving the management of their information.

In the literature several attempts to solve the interoperability problem
and in particular the database interoperability can be found. However, a
standard solution that gives an answer to all requirements has not been
proposed yet. In [SPD92] an overview of different proposals is presented.

In this paper we wish to present our experience of building a system that
allows the integration of heterogeneous and autonomous relational databases
‘using a terminological system. This last type of systems, more recently
termed description logics (DL), allow for the specification of classes using in-
tensional descriptions phrased in terms of the necessary and sufficient prop-
erties that must be satisfied by their instances. The key difference between
such descriptions and the earlier class specifications is that such a definition
can be used to recognize instances of the class, or to infer answers to queries
in situation where there is incomplete knowledge [Bor92]. Indeed the main
focus of the paper is on presenting the advantages of using a terminological
system for the main steps of the integration process: a translation step for
obtaining a uniform and richer representation of the schemata that must
be integrated; an integration step for creating an integrated schema and a
query processing step for giving answers to the queries formulated over the
integrated schema.

Among the related work that also use a terminological system for the sys-
tem integration process we can mention [BS92], [ACHK93], [BST*93] and
[SGN93]. In [BS92] the use of taxonomic reasoning techniques to support the
conceptual design of schemata is proposed. With this aim they have incor-
porated taxonomic reasoning techniques to some well-known semantic data
models. They maintain that the designed schemata will be more consistent.
In [ACHK93] an existing terminological system (LOOM) is used as a model
to describe database schemata and, a system that uses LOOM to provide
efficient access to a relational database is described. However, the schemata
integration task is somehow limited; they do not allow relations between
data elements that belong to different schemata. Our proposal is richer in
this sense. In [BST93] it is argued that the exploitation of pre-existing
databases using a terminological system (CLASSIC) allows the generation
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of new information sources. Nevertheless, they assume that the integrated
schema is defined previously and so the integration task is reduced to the
mapping process among the local and the integrated schemata. Finally, in
[SGN93] CANDIDE, a DBMS based on description logics. is used as a tool
to automate a significant part of the schemata integration process.

The main advantages that the use of a terminological system provides
for the integration process and that are explained in this paper are the
following: the possibility of defining semantically rich integrated schema; a
wider range of translation and integration types; the automatic verification
and derivation of new relationships among classes; the-automatic detection of
inconsistent queries and also reformulation of them; and last, the definition
of cached concepts and automatic discovering of cached queries.

In the remainder of this paper we present first the general framework for
the system components explained in this paper followed by a brief introduc-
tion to terminological systems. Finally we explain the advantages of using a
terminological system for the translation, integration and query processing.

2 Work’s framework

The general framework of the designed federated system that allows the
integration of heterogeneous relational databases using a terminological sys-
tem is presented in this section. In the framework three main components
can be distinguished!: Translator, Integrator and Query Processor.

The Translator component produces a terminology from a conceptual
schema (or a subset of it, called exported schema) of a component database.
The resultant terminology will be semantically richer than the source schema,
therefore this component has to capture, with the PRI’s help, semantics that
are not expressed explicitly.

The Integrator component produces a federated terminology by integrat-
ing a set of terminologies previously obtained by the Translator component.
During the integration process a set of correspondences between data ele-
ments of the terminologies that must be integrated will be defined by the
PRI and new ones can also be deduced by the system.

! Actually, there is another component, called Controller, that is not discussed in this
paper, because it does not take advantage of any particular feature of terminological
systems. The Controller responds automatically, i.e., without user intervention, to design

changes made in the schema of a component database that affect the federated terminology
[BIPG92].
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The Query Processor component obtains the answer to the user formu-
lated queries over the federated terminology by accessing the databases.
This component has two kind of modules: the Global Query Processor and
the Local Query Processor. The first one optimizes knowledge base queries,
finds out which databases contain the requested information, decomposes a
query into subqueries that will run over different databases, and reconstructs
the answer from the different results obtained for the subqueries. The main
advantages that the use of a terminological system provides for this module
are: a semantic optimization of queries using the classification mechanism?;
support for defining and identifying cached data; and the possibility of giv-
ing intensional answers. Moreover, the goals of the second module are to
make local optimizations and to find the answer for the subqueries.
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Figure 1: Work’s framework

3 A brief introduction to terminological systems

In general, two different components can be distinguished in this type of sys-
tems: the terminological component, which is used to describe the knowledge

>The meaning of the classification mechanism for the terminological systems is ex-.
plained in the next section
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(the terminology) and the assertional component, which is used to create
instance objects that represent the beliefs of the system.

In the terminology, two main types of data elements are included: con-
cepts and roles®. A concept groups individual elements of the real world.
For example, the concept employee represents the set of employees of a
company. However what distinguishes this notion of concept from the class
specification in semantic data models or object-oriented databases, is that
it is possible to describe concepts using intensional descriptions phrased not
only in terms of necessary properties that must be satisfied by their instances
(in this case the concept is called a primitive concept) but also in terms of
necessary and sufficient properties (in this case the concept is called a de-
fined concept) [Bor92]. This is accomplished using a language for describing
primitive concepts and then combining them into composite ones.

Examples: The concepts client and manager can be described as prim-
itive concept in the following way:

client :<* anything®.

manager :< employee and Category:’BS degree’

This means that a manager is an employee which has a BS degree, but
there can exist employees with a BS degree that are not managers.

slowpayer can be described as a defined concept:

slowpayer :=% client and all(Payment,ge(40))

slowpayer are clients who make payments in a period greater or equal to
40 days, and because it is a defined concept, any client who makes payments
in a period greater or equal to 40 is a slowpayer.

Roles represent binary relationships between concept instances and other
instances or values. A role can be seen as a predicate with two arguments:
the domain (the concept with which is associated) and the range (the type
of values that it can have).

Example: The roles Payment and Buys can be described as

Payment :< domain(client) and range(number),

Buys :< domain(client) and range(product).

Both roles are associated with the concept client; Payment takes numeric
values and Buys has as values instances of the concept product.

®We use the BACK system notation [PSKQ89]. In other systems the components are
denoted in a different way, for example as classes and attributes in [BBMR89].

*:< is used, according to the BACK syntax, to describe primitive concepts.

5 anything is a concept such that any instance can belong to it.

6.= is used, according to the BACK syntax, to describe defined concepts.
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Two important features in terminological systems are the notions of sub-
sumption and classification. One concept subsumes another one if in all pos-
sible circumstances, any instance of the second one must be in the first one.
In a terminological system, it is possible to know whether one concept is sub-
sumed by another one simply by looking at the definition of the concepts,
without accessing to the instances. The classification mechanism consists
on discovering the subsumption relationships between concepts when a new
concept is declared, i.e. the new concept is automatically located into the
hierarchy of terms, therefore concepts viewed as composite descriptions, can
be reasoned with and are the source of inferences.

Example: Introducing a new defined concept government described as

government := client and all(Payment,ge(60)) in the knowledge base
‘that contains the concepts client and slowpayer presented above, the system
will automatically classify it under the slowpayer concept.

When using a terminological system to build a federated database sys-
tem, the resultant federated schema is represented by a terminology. But
the actual data are stored in the underlying databases. For this reason it is
necessary to define a linking information between the federated terminology
and the local databases.

Finally, making a brief comparison between the well-known E/R model
and the terminological systems [WS92] we could find a resemblance among
the notions of entity and attribute of the E/R model with the notions of
concept and role respectively of the terminological systems, but, in the latter
case, concepts and roles are attached with intensional descriptions. In the
terminological systems a specific constructor does not exist, as it exists in
the E/R model, to represent relationships. These are represented through
the roles. Moreover, terminological systems provide structuring mechanisms
such as specialization and the previously mentioned classification mechanism
that are not supported by the basic E/R model. Lastly, terminological
systems support an internal identification of the instances which is different
to the E/R, which provides an external identification using the notion of
key. ‘

4 Translation Process
The first requirement to do an integration of heterogeneous databases is to

define them in a uniform way, that is using the same data model, called
a canonical model. It is assumed that this canonical model should have
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an expressive power higher than that offered by the relational model in
order to support an interesting integration process, hence most of the works
in the area use semantic or object-oriented data models. In our case we
use a terminological system. The main advantages that its use provides in
the translation process can be summarized in two aspects: the definition
of semantically richer schemata and the definition of complex translation
types.

Although these advantages can also be obtained somehow using semantic
or object-oriented data models, our goal is to show that they are particularly
relevant for dealing with a terminological system. ~

Definition of semantically richer schemata. This can be achieved us-
ing the structural mechanisms provided by a terminological system such as
generalization/specialization that permit the definition of conceptual hier-
archies. For example, the relation client defined in a relational schema as

client(c#,name,address,payment)

that contains data about all the clients of an enterprise could be trans-
lated into the following hierarchy of concepts (see figure below). The con-
cepts slowpayer and normal are specializations of the concept client.

client

slowpayer normal

The semantics expressed explicitly in the hierarchy is higher than that
represented by the flat relation. In order to be able to obtain these hier-
archies, properties about dependencies: inclusion, exclusion and functional;
information about null values or information about domain values of at-
tributes can be used. For example, in the relation client the domain values
that clients qualified as slowpayer take for the attribute payment must be
greater than 30, and for the normal clients less than 30. In this example,
information about domain values of the attribute payment has been used. In
[BIGP94] we present in detail how the kinds of knowledge mentioned before
can be used in order to obtain rich hierarchies.

Furthermore, the use of a terminological system facilitates the process
of building these hierarchies because, due to the classification provided by
them, the is-a relationships are handled automatically. This means that the"
PRI does not need to know the exact place in the hierarchy where a new
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concept should be introduced. The terminological system will automatically
discover the correct place.

Last, the feature provided by terminological systems of attaching descrip-
tions to concepts in terms of necessary or necessary and sufficient properties
enrich also from a semantic point of view the resulting schema. For example,
the concepts slowpayer and normal can be described as

slowpayer := client and all(payment, ge 30)
normal := client and all(payment, le 30)
Definition of complex translation types. This advantage is also re-
lated to the fact that concepts are associated with intensional descriptions.
Intensional descriptions allows one to define translations in terms of seman-
“tic properties that are not supported by other approaches. For example, the
concept active-employee of a hierarchy could be defined as

active-employee := employee and atleast(2,participates)

where employee makes reference to a relational table

and atleast(2,participates) expresses a property that must be verified by
the tuples in order to be considered them as active-employees. Complex
objects can be defined over concepts and roles in the hierarchy. Notice that
this issue allows a wide range of translation types.

5 The Integration process

Once the terminologies have been obtained from the component databases,
the next step consists in integrating the different terminologies in order to
obtain an integrated schema.

In general, an integration process requires first of all, to define corre-
spondences among data elements (concepts and roles) of the terminologies
that must be integrated and then the application of some integration rules.
In the literature several approaches that deal with the system integration
process have been presented [BEM92]. In the following we show the ad-
vantages that the use of a terminological system provides for this process.
These advantages can be summarized in the following points:

o the possibility of automatically discovering errors in the definition of
correspondences between data elements expressed by the PRI;

¢ the automaticinference of new correspondences between data elements
not explicitly defined by the PRI; and



o the possibility of defining correspondences between data elements us-
ing intensional descriptions.

In the following subsections we describe these advantages in more detail.

5.1 Verification of correspondences

As mentioned before, in order to carry out an integration process, first of all,
correspondences among data elements of different terminologies must be de-
fined. It is widely accepted that it is almost impossible to obtain them in an
automatic way, because they are related with the semantics of the Universe
of Discourse where the databases have been designed. Therefore it is neces-
sary to have the collaboration of the PRI. Some work e.g [LNE89], require
-the PRI to define correspondences among roles, while others, e.g. [SPD92],
require the definition of correspondences among concepts. Nevertheless, the
majority agree on using the Real World State (RWS) notion, i.e., the seman-
tics of correspondence assertions among data elements of different schemata
is defined referring to the real counterpart of elements in the schemata. The
four types of commonly used correspondences are: equivalence, inclusion,
overlapping and disjoint.

In the case of dealing with a terminological system, correspondences
defined in terms of a RWS notion can be verified using the intensional de-
scriptions associated with the concepts among which the correspondence is
established. For example, if the following two concepts are defined in two
different terminologies.

good := client and atleast(l,payment) and all(payment,le 30)
Government := client and atleast(1,payment) and all(payment,ge 60)

and the PRI expresses that good equivalent Government because he or she
misunderstood the semantics associated with the concepts, the terminologi-
cal system will inform him or her that it is not correct because the descrip-
tions are incompatible.

5.2 Automatic derivation

One important feature provided by terminological systems is the classifica-
tion mechanism. This mechanism can play an important role in the integra-
tion process deriving new relationships between data elements not defined.
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explicitly by the PRI. For example, during the integration process of two ter-
minologies (see figure 2), if the PRI asserts that ¢1_client equivalent t2_client’
as a result of applying the corresponding integration rule only one concept
client will appear in the resulting integrated schema.

Anythin; Anything
— RS AT g

— < \ .
tl_Supplier t1_Product m (29 _ﬂd_,ﬂ—-J t2_Product t2_Supplier

/ /
/

P4
# s S
Good Slowpayer ‘/\‘C.Normﬂ Government
= —
Regular

IFigure 2: Asserting an equivalence

Moreover, after the redefinition process, the terminological system will
automatically discover (see figure 3) that good and normal are equivalent
concepts, and that slowpayer subsumes regular and Government (the de-
scriptions of normal regular and Government are shown in figure 4).

- = i
Froduct  12_Supplier

Figure 3: Resulting integrated schema

5.3 Correspondences based on descriptions

In the majority of work in the integration area the correspondences are de-
fined using the notion of RWS, that is based on the extensions of the data
elements that are being related. However, using a terminological system,
more complex correspondences can be expressed using semantic properties.

"This correspondence is correct in terms of the descriptions associated with the concepts*
client.
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client :< anything

t2_product :< anything

t2.supplier :< anything

payment :< domain(client) and range(number)

buys :< domain(client) and range(t2_product)

normal := client and atleast(l,payment) and all(payment,le 30)

regular := client and atleast(l,payment) and all(payment,ge 40) and all(payment,le 60)
Government := client and atleast(l,payment) and all(payment,ge 60)

Figure 4: BACK descriptions of one of the terminologies (¢2)

This is possible due to the facility provided of adding intensional descrip-
tions to the concepts definitions. For example, the PRI could define the
correspondence engineer = employee and all(salary,ge 5.000.000)) to ex-
press that engineers of one terminology are employees (according to their
definition in other terminology) with a salary greater than 5.000.000. It
is not possible to define this type of correspondences by using directly the
RWS notion utilized in other work. This the specification of concepts using
intensional descriptions permits a richer integration process.

Finally, notice that the full power of the previous advantages for trans-
lation and integration is not supported by most semantic or object-oriented
data models. However, in the case of dealing with an object-oriented database
models it is possible to define an operational integration, that is, among op-
erations at different levels, while terminological systems do not provide this
possibility.

6 Query Processing

Once an integrated schema has been obtained, it provides to the users with
an integrated and global view of the data stored in pre-existing databases
that will be used by them to formulate queries over. To find the answers to
these queries in an efficient way is the goal of the query processing step.

Although there has been a lot of research into the problem of transla-
tion and integration of schemata in order to obtain an integrated schema,
the problem of query processing against integrated schema has not be in-
vestigated so much. Furthermore, query techniques developed in the area
of distributed database cannot been applied directly to the interoperability
context, as several authors claim ([OV92, Day85, LOG92]) because of the
heterogeneity and autonomy of the component databases.
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The main advantages that the use of a terminological system provides
for the Global Query processor (notice that Local Query processors are
developed for the local database systems) are summarized in the following
points:

e a semantic optimization of queries using the classification mechanism;
e support for defining and identifying cached data; and

e the possibility of given intensional answers.

6.1 Use of the classification mechanism to semantically op-
timize the queries

"In the database area, semantic query optimization methods exploit domains

knowledge such as that expressed by integrity constraints, hierarchies, etc.
to detect inconsistent queries or to transform a user formulated query into
another one with the same answer, that is semantically equivalent, but that
can be processed more efficiently. These semantic optimization methods
are external to the database systems and are defined as a special purpose
mechanism. Using a terminological system, it is possible to do semantic
query optimization using the reasoning capabilities of these systems. The
classification mechanism of a terminological system allows the detection of
inconsistent queries and the reformulation of them.

Concerning the first issue, consider the following example. If the query®

[rf(buys)] for getall Government and payment: 50
asking for the products bought by clients qualified as Government that have
paid in the 50th day is formulated, the terminological system will detect it
as inconsistent. The reason for that is that the concept Government was
defined (see figure 4) as client with all payments greater or equal to 60 and
hence the query contradicts this definition. It is very important to detect
inconsistent queries in an interoperable context because costly processes of
accessing the underlying databases need to be avoided.

Concerning the second issue, reformulating queries, this can be achieved
by finding the most specific superconcepts related to the queries. For exam-
ple, suppose that the following query is formulated:

getall client and all(payment, ge 60)
then, the most specific superconcept will be Government (according to the
terminology described in figure 4) and the query can be expressed as:

8Here we use the BACK query language notation.
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getall Government

A parent concept C;, that does not appear in the query definition, is
the most specific superconcept that could have been expressed for the query
definition. The user does not need to remember all the concepts defined
in the terminology to formulate more efficient queries but the Generator
Processor can find them. Nevertheless, as occurs in the database context,
notice that these reformulations must be analyzed later on to discover if they
are interesting in terms of reducing the access time, because it is not always
true that accessing the tuples represented by the concept Government is
more efficient than accessing those represented by client.

6.2 Maintaining of cached concepts

In a client-server architecture it is worth having cached data in the client
nodes to avoid accessing the server nodes every time a query is made. In
[DR93] they show the advantages of having an Enhanced Client-Server ar-
chitecture where they incorporate relational DBMSs in the client nodes to
maintain cached data. In our case we can use the same terminological sys-
tem to store cached data. The idea is to download part of the data in the
underlying databases located in the server nodes into a terminological cache
in the client node. Moreover, when there exist space problems, concepts can
be cached with incomplete information.

After a process of identifying the data that are worth caching, they can
be grouped under a concept and later introduced into a terminology by
using the capability of defining rules provided by terminological systems®.
For example, suppose that we are interested in catching engineer described
as

engineer := employee and all(salary,gt(5.000.000))
it could be declared as cached defining the rule

engineer => cached

It is obvious that this would not be useful if one could not ask if a concept
is cached or not. But the subsumption mechanism of the terminological
system provides this capability. In fact, if the concept cached subsumes the
one about which we are asking, then that concept is cached. For example,
after the declaration of the previous rule, if the following query

getall employee and all(salary,gt(10.000.000))

With the use of the rules, non-definitional information can be added to the
terminologies.
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is formulated, then the system will recognize it'° as cached, because
subsumes(cached,employee and all(salary,gt(10.000.000)).

Last, notice that the user does not need to know the existence of the
generated cached concepts to formulate his or her queries because the Global
Query processor will detect the relationship between these concepts and the
user queries.

6.3 Intensional answers

User queries are usually answered by giving the set of instances that satisfy
the conditions in the query. They are considered as extensional answers.
However, when working with terminological systems it is also possible to
give answers in terms of descriptions that satisfy the instances. In this case
‘they are considered as intensional answers. This can be done in two ways:

1. By giving the most specific formulation. For example for the query

getall employee and atleast(1,participates)

the answer would be active-employee telling the user that the employ-
ees he or she is asking for are those qualified as active-employee. Of
course, in the next step he or she could ask for the concrete instances.

2. By giving the extended query formulation. This is possible by using
the concept definitions instead of concept names. For example for the

query

getall Government and all(payment,ge 75)

the extended query formulation would be

anything and client and all(payment,ge 60) and all(payment,ge 75).

This extended query formulation could be interesting for example for
inconsistent queries in order to know the reason for this.

7 Conclusions

In the area of information systems the problem of integrating different appli-
cation environments has attracted substantial attention. Of special interest
is the integration of database systems with knowledge base systems in or-
der to take advantage of the additional features provided by latter, without

10Remember that queries are treated as concepts in terminological system.
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giving up the services provided by databases. The practical benefits of
this type of integration apply to many different contexts, such as access to
pre-existing databases when working with knowledge-based applications, al-
lowing databases to provide persistent object support for knowledge bases,
and the coexistence of different autonomous databases under a global inte-
grated schema by using one type of knowledge based system. In this paper
we have concentrated in this last point. We have shown the advantages of
using a terminological system for the integration of pre-existing relational
databases. .

In summary we can say that from the integration point of view, ter-
minological systems allow for consistent integration process; and from the
query processing point of view they provide mechanisms to support query
optimization techniques such as semantic query optimization and or caching
optimization techniques.
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