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1 Introduction

It is well known that in general, a query issued on a
database can be rewritten in many ways maintain-
ing, as a result, the same set of items (say, records or
objects, depending on the data model). Such rewrit-
ing has been devised with the main purpose of query
optimization, i.e. to minimize the execution costs.
Traditionally, database theory focused on algebraic
rewriting, which depends only on formal proper-
ties of the data model and manipulation language.
Some works introduced also the idea of seman-
tic query optimization[Shenoy and Ozsoyoglu, 1987,
Beneventano et al., 1993, Beneventano et al., 1994,
Ballerini et al., 1995], which rewrites queries also
on the basis of semantic problem-specific knowledge,
such as integrity constraints.

In this paper we exploit the idea of rewriting a
query not only for the semantic optimization task, as
proposed by the authors in [Beneventano et al., 1993,
Beneventano et al., 1994], but also for another query-
related task: intensional query answering. In partic-
ular, we focus on Object Oriented Databases and
give a general definition of semantic transformation
and of semantic expansion of a query. Then we will
show how this concepts can be exploited in inten-
sional query answering.

2 Semantic transformation and
expansion of a query

Actual database schemata are, in fact, given in terms
of base classes (i.e. primitive concepts) while further
knowledge is expressed with Integrity Constraints
(IC) rules, that is if then rules on the attributes of a
database schema (i.e., roughly a Thox of a Termino-
logical Knowledge Representation System) to guar-
antee data consistency. In general, integrity con-
straints go beyond data model expressiveness and
are expressed in various fashions, depending on the
database data model: e.g. subsets of first order logic,
inclusion dependencies and predicates on row values,
procedural methods in OO environments. In this
context, we can say that a query Q' is a semantic
transformation of the query @ if it gives the same
result of () for any database instance which satisfy
the given IC rules.

In [Beneventano et al., 1993, Beneventano et al.,
1994] the authors proposed a method for semantic
query optimization, applicable to the class of con-
junctive queries, based on two fundamental ingre-

dients. The first one is the ODL description logics
proposed as a common formalism to express: class
descriptions, a relevant set of IC rules and queries
as ODL types. The second one is the subsumption
inference technique exploited to evaluate the logical
implications expressed by IC rules and, thus, to pro-
duce the semantic expansion of a given query. The
semantic expansion of a query is a semantic trans-
formation of a query which incorporates any possible
restriction which is not present in the original query
but is logically implied by the query and by the over-
all schema (classes 4+ IC rules).

ODL (Object Description Logics) was proposed
in [Bergamaschi and Nebel, 1994] and extends the
expressiveness of implemented description logics lan-
guages in order to represent the semantics of com-
plex object data models (CODMs), recently pro-
posed in the areas of deductive databases [Abite-
boul and Kanellakis, 1989] and object oriented
databases [Lecluse and Richard, 1989]. In partic-
ular, class types and complex value-types are dif-
ferentiated. They are based on base types: integers,
strings, reals, and are constructed with the recursive
use of the set and record constructors. The present
version of ODL allows the declarative formulation of
a relevant set of database integrity constraints. In
particular, ODL includes quantified path types and
IC rules. The former extension has been introduced
to deal easily and powerfully with nested structures.
Paths, which are essentially sequences of attributes,
represent the central ingredient of OODB query lan-
guages to navigate through the aggregation hierar-
chies of classes and types of a schema. In particu-
lar, we provide quantified paths to navigate through
multi-valued attributes. The allowed quantifications
are existential and universal and they can appear
more than once in the same path.

Viewing a database schema as a set of ODL inclu-
sion statements allows the declarative formulation
of another relevant set of integrity constraints, ex-
pressing if then rules whose antecedent and conse-
quent are ODL wvirtual types (i.e. defined concepts).
For example, it is possible to express correlations
between structural properties of the same class or
sufficient conditions for populating subclasses of a
given class. A generalized database schema can be
thus defined as a set of inclusion statements between
general ODL types.

A relevant set of queries, corresponding to the so



called single-operand queries [Kim, 1989], can be ex-
pressed as wvirtual ODL types. Subsumption com-
putation, incoherence detection and canonical form
generation proposed in [Bergamaschi and Nebel,
1994] can be used to produce the semantic expan-
sion EX P(Q) of a query (). Following the approach
of [Shenoy and Ozsoyoglu, 1987], we perform the se-
mantic expansion of the types included at each nest-
ing level in the query description. Type expansion is
based on the iteration of this simple transformation:
if a type implies the antecedent of an IC rule then
the consequent of that rule can be added. Logical
implications between these types (the type to be ex-
panded and the antecedent of a rule) are evaluated
by means of subsumption computation [Bergamaschi
and Nebel, 1994].

Semantic expansion is an iterative process which
produces, at any step, a query which is semantically
equivalent to the original one. During the transfor-
mation, we compute and substitute in the query, at
each step, the maximal subsumed classes, among the
classes of the schema, satisfying the query. There-
fore, each of the intermediate results of semantic
expansion is a valid semantic transformation of the
query and is a candidate for the intensional answer.
The result of semantic expansion of a query coin-
cides with the lowest query in the taxonomy among
all the semantically equivalent ones [Beneventano et
al., 1993].

In general, semantic expansion can also lead to
introduce redundant terms, i.e. terms which are
logically implied by other terms. In the literature,
this problem is generally addressed as constraint re-
moval, that is the removal of the constraints which
are logically implied by the query. We can then de-
tect in the expanded query, again by subsumption,
all the eliminable factors and, eventually, eliminate
them [Ballerini et al., 1995].

3 DL techniques for intensional
query answering

An overview of the various intensional query an-
swering techniques is given in [Motro, 1994]. On
the basis of that classification, intensional query
answering can be evaluated according to three
main features: intensional-only (pure) versus inten-
sional/extensional (mized); independence from the
database instance versus dependence; completeness
of the characterization of the extensional answer.
In general, a query is expressed as a class of the
schema (target class) restricted with additional se-
lection predicates, which include conditions on ob-
jects of the aggregation rooted at the target class.
The many queries obtained by semantic expansion
will differ from the original one either for the target
class or for the predicates. Each transformed query
is a possible intensional answer, which is pure, since
it does not contain reference to any extensional el-
ement, and also independent, since it is computed
according to general IC rules which hold in any
database state. Thus it is also intension-equivalent™.
For example, in a database with an integrity con-
straint stating that all employees who lead a de-
partment are managers, a query on the employ-

ees who lead a department and earn more than $
50000 is equivalent to a query on the managers who
earn more than $§ 50000. Conversely, in a database
with an integrity constraint stating that all engineers
earns over $ 40000, a query on the engineers who
earn over $ 30000 is equivalent to a query on all the
engineers.

When several different intensional answers are
available, a main issue is to determine which answer
is the “best”. We give the following criteria for the
best answer:

1. the target class is the most specialized among
the classes of the schema that can be substituted
for the original one in the query, therefore it
gives a concise description of the answer which
is more informative than the original query;

2. the classes included in the query predicates are
the most specialized satisfying the query, giving
a more significant, though semantically equiva-
lent, predicate;

3. redundant predicates are removed as a contri-
bution to conciseness.

The three above criteria are satisfied by the applica-
tion of semantic expansion and constraint removal.
In particular, according to the criterion 1 a query
like which are the X such that py and ... and p,
gets the answer all the X' such that p; and ... and
Pm, where X' is subsumed by X and m < n. If we
consider the first example above, we substitute the
target class “employees”, which can contain many
thousands of items, with the class “managers” which
can contain few hundreds of items and the answer,
though purely intensional characterizes the result in
terms of a more restricted class than the original
query.

As far as completeness of intensional characteri-
zation is concerned, our rewriting method is exact,
therefore each rewrited answer is a complete charac-
terization of the original query.

With reference to the completeness of our method,
which is based on subsumption, it is well known
that it is greatly influenced by the complexity of
the knowledge representation model or, in our case,
of the data and integrity constraint definition lan-
guage. If the language does not allow completeness
of subsumption, the intensional answer we get is not
necessarily the most concise.

Given a query Q, subsumption can also be used
to compute its Greatest Lower Bound (GLB) and
Least Upper Bound (LUB) among the classes of the
schema. For simplicity, let us suppose in the follow-
ing that the two bounds are unique. In this case
LUBg 2 Q 2 GLBg and each bound can be seen
as a partial intensional answer to the query.

A different approach could be the generation of an
intensional answer which is equivalent to the origi-
nal one only for the present database instance. For
example, let us suppose that, for a given database
state, a query on the employees who earn between
$30000 and $50000 return only employees who are
engineers. In this case, the answer “all the engi-
neers” is pure and dependent, i.e. it is extension-
equivalent to the original one. Unlike the previ-



ous case, this method does not avoid data access,
but can be driven by schema knowledge. For ex-
ample, given the query @ and its bounds LU B and
GLB, the query (@ is extensionally-equivalent to B
if LUBg — GLBg = (). This result can be obtained
without accessing the extension if the database sys-
tem provides an efficient way to deal with classes
cardinalities.

Hybrid reasoning can be used to obtain mized in-
tensional answers. In this case, the aswer contains
intensional concepts and lists of positive and nega-
tive extensional items. Given an algorithm for the
instance problem, which can decide if an object be-
logns to a given class, the answer to a query ) can
one of the following:

LUBs  —  {iryiny. . in)
where 1i; € {LUBg —GLBg}Ni; € Q
LUBs U {irins. . in)

where i; € {LUBg — GLBg}Nij € Q

For instance, the query “who earns more than
$30000” could get the answer “all the engineers ex-
tept John Smith”.

The usability of this technique is obviously related
to the efficiency of the algorithm for the instance
problem, since it has to be computed many times.

As a final remark, we mentioned in the beginning
that the rewriting activity is based on a schema in-
cluding integrity rules. Of course, if more integrity
rules are available more rewritings are possible. For
the sake of intensional answers, one could apply data
mining techniques to discover new rules [Cercone
and Tsuchiya, 1993]. The rewritings made possi-
ble by these rules give answers which are dependent
from the present database state.
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