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Description Logics are knowledge representation
languages set up by the development of the KL-ONE
system [1]. They are used to capture the taxonomy
of an application domain and to describe the ap-
plication domain itself in terms of this taxonomy.
These specific logics employ user-friendly variable-
free notations. One of their major characteristics is
their clear semantics. Without such a formal seman-
tics, it would be impossible to state what exactly
is represented by a particular representation. In
other words, without formal semantics, representa-
tions would have no meaning outside the particular
system in which they reside—preventing the knowl-
edge fixed in the representation from being re-used.

The line of research set up by the KL-ONE project
can be called successful in the long run. An indi-
cation for its success certainly is that the most re-
cent successor of KL-ONE, AT&T’s CLASSIC system,
eventually reached the realm of a large-scale indus-
trial application [6]. This success, however, should
not obscure the fact that there is a fundamental
dilemma from which all description logics suffer. In
fact, despite their limited expressive power, basic in-
ferential services such as classifying new terms into
a taxonomy cannot be implemented efficiently. In
particular, it is known that even in the very small-
est description logic’s setting, basic inferences are
co-NP-hard [2].

In [4] we have shown that this fundamental
dilemma can in principle be circumvented. In par-
ticular, we were able to demonstrate that tractabil-
ity can generally be obtained just by eliminating any
incompleteness from a knowledge base while the tax-
onomy is left unchanged. This remains true even for
the most powerful description logic ever considered.
The description logic we have paid attention to can
be called with full right universal in that it encom-
passes all language repositories known from tradi-
tional description logics. This enables the universal
description logic to define many standard data struc-
tures such as trees or directed acyclic graphs in an el-
egant way. In addition to traditional constructs, the
universal description logic includes a general means
of recursion. As is not unusual in computer sci-
ence, we handled recursion with the help of least and
greatest fixed-point operators. The technique em-
ployed is actually a generalization of the technique
presented in [3]. These fixed-point operators turned
out to be indispensable as soon as more involved

concepts such as balanced trees are to be modeled.
As it stands, this tractability result is of great im-
portance. Actually, it is the very first tractability
result established for a description logic which takes
taxonomies into account.

On the other hand, our result can be viewed as
building a bridge between traditional knowledge rep-
resentation and databases. As a matter of fact, our
tractability result heavily depends on the presuppo-
sition that any incomplete knowledge can be elim-
inated from a knowledge base. The ability to ex-
press incomplete knowledge is, of course, the very
characteristic separating knowledge representation
from databases. A knowledge base which is com-
plete in this sense is, in fact, nothing but a rela-
tional database. Consequently, when viewed from
the database point of view, our tractability result
demonstrates that a universal description logic can
be used as a powerful but tractable query language
for relational databases. In this connection, it is im-
portant to note that our tractability result is to be
understood in the sense of [5] in terms of the com-
bined complexity rather than the far weaker notion
of data complexity. Of course, this database point of
view on description logics gives rise to several ques-
tions hardly investigated up till now. These include
questions of the following kind.

1. We have shown that a universal description
logic can serve as a tractable query language
for databases. This means that queries to
databases phrased in this description logic can
be evaluated in polynomial time. But is it also
the case that the universal description logic cov-
ers all polynomial queries?

2. How does the query power of the universal de-
scription logic relate to other more traditional
database query languages?

3. Is it possible to extend our tractability result to
deal with essential additional features common
in relational databases such as null values?

We discussed all these questions at the workshop. A
thorough investigation can be found in [4].
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