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Abst rac t 
Hybrid KL-ONE-style logics are knowledge rep­
resentation formalisms of considerable applica­
tive interest, as they are specifically oriented to 
the vast class of application domains that are 
describable by means of taxonomic organiza­
tions of complex objects. In this paper we con­
sider the problem of endowing such logics with 
capabilities for default inheritance reasoning, a 
kind of default reasoning that is specifically ori­
ented to reasoning on taxonomies. The formal­
ism that results from our work has a reasonable 
and simple behaviour when dealing with the in­
terplay of defeasible and strict inheritance of 
properties of complex objects. 

1 In t roduc t ion 
Hybrid KL-ONE-style logics (H-logics, for short - see e.g. 
[Nebel, 1990]) are knowledge representation formalisms 
of considerable applicative interest, as they are specif­
ically oriented to the vast class of application domains 
that are describable by means of taxonomic organiza­
tions of complex objects. These formalisms, that may 
be seen as term-oriented syntactic variants of subsets of 
first order logic, are usually structured into two modules: 
the terminological module, allowing the representation of 
"concepts" and their implicit structuring according to 
a partial order, and the assertional module, allowing to 
state that given individuals are instances of the concepts 
described by means of the terminological module. 

In the last ten years H-logics have been intensively in­
vestigated, with the attention of researchers especially 
focusing on the analysis of their logical and computa­
tional properties. Litt le attention, however, has been 
paid to the problem of endowing these logics with de­
fault reasoning capabilities. This is despite the fact 
that default reasoning is an important item on the list 
of desiderata of H-logics users (see e.g. [Peltason et a i , 
1991]), and despite the fact that in most domains that 
have a taxonomic nature (e.g. the natural species), de­
fault information is abundant. Some researchers have 
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recently addressed this problem (see e.g. [Baader and 
Hollunder, 1992; Brewka, 1987; Nado and Fikes, 1987]), 
but we think that their work has been successful only to 
a limited extent. 

In this paper we will address the problem of extending 
H-logics with the ability to perform default inheritance 
reasoning, a kind of default reasoning that is specifically 
oriented to reasoning on taxonomies and that had been 
used mostly within formalisms of a much smaller ex­
pressive power than H-logics (see e.g. [Touretzky, 1986]). 
Most systems dealing with default inheritance reasoning 
solve "conflicts" according to some sort of specialization 
principle, i.e. by relying on the partial order according 
to which the knowledge base is structured: as a first 
approximation we can say that, in case of conflicts, a 
default a —> b is "preferred" to another default if 
the precondition of the former precedes the precondition 
of the latter in the ordering; this accounts for the fact 
that the conclusion derivable from the former is more 
reliable than the one derivable from the latter. 

This paper is organized as follows. In Section 2 we 
summarize the main notions of H-logics. In Section 3 we 
describe the integration of default inheritance capabili­
ties into H-logics, while in Section 4 we present an algo­
r i thm for computing "extensions" (i.e. sets of derivable 
conclusions). In Section 5 we show that, unfortunately, 
computing an extension is a computationally hard prob­
lem in our formalism, even if its monotonic fragment is 
computationally tractable. Section 6 concludes. 

2 Basic Not ions of H-logics 
In this section we present the basic notions of H-
logics. For a more general presentation see [Nebel, 1990, 
Donini et al., 1992]. 

2.1 T h e Termino log ica l M o d u l e 
We assume two disjoint alphabets of symbols, called 
atoms and roles. Concepts (denoted below by C and D) 
are formed out of atoms (denoted by A and B) according 
to the following syntax rule: 

This logic is usually known as ACC. Other H-logics 
are obtained by allowing different concept-forming op­
erators. An interpretation consists of a set 
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Since, given an HDIT T, is a credulous instance 
of C wrt T iff T has an extension, from Theorem 5.1 and 
Theorem 5.2 we have the following Corollary: 

Coro l l a ry 5.1 The credulous instance problem for re­
stricted HDITs (either of type 1 or of type 2) is NP-
Hard. 

Instead: 

T h e o r e m 5.3 The skeptical instance problem for re-
stricted HDITs (either of type 1 or of type 2) is co-NP-
Hard. 

The proof of Theorem 5.3 wrt HDITs of type 1 (resp. 
type 2) is similar to the one for Theorem 5.1 (resp. Theo­
rem 5.2), except that in the reduction we do not consider 
rule (C). Therefore, an arbitrary propositional 3CNF 
formula is unsatisfiable iff a:F holds in all extensions 
of . 

6 Conclusion 

In this paper we have shown how we can extend H-logics 
in such a way that they allow default inheritance reason­
ing, thus creating a formalism that combines the expres­
sive power of a language for the description of taxonomic 
organizations of complex objects with the taxonomy-
oriented style of default reasoning which is typical of 
"inheritance systems with exceptions''. 

The importance of our work lies in bringing these de­
fault reasoning capabilities into a family of logics that 
have gained wider and wider acceptance because of their 
reasonable expressive power, good computational prop­
erties, intuitive "object-oriented" syntax and wide spec­
trum of applicability. 

We have presented an algorithm that computes exten­
sions and shown that it is correct and complete. More­
over, we have shown that, even if the "H-fragment" of 
our formalism were tractable, computing an extension or 
deciding that there are no extensions would be NP-Hard; 
similarly, also the (credulous or skeptical) instance prob­
lem, the realization problem and the retrieval problem 
are intractable. 

Our formalism has been designed with the aim of pro­
viding the minimal framework that would allow one to 
study the interaction of H-knowledge and default inher­
itance knowledge in a meaningful way. Quite obviously, 
extensions to this framework may be conceived that en­
able the expression of more general concepts: any H-logic 
that contains ACC may be profitably used. 

For that matter, the formalism could also be straight­
forwardly extended to the representation of default rules 
of a different nature; for example, we might have de­
faults of the form 
and are ACC concepts. Recently, Baader and Hol-
lunder [1992] have embedded this types of defaults into 
H-logics. However, their formalism, unlike ours, does not 
support the taxonomy-oriented brand of non-monotonic 
reasoning informed by the "principle of specialization''; 
it can thus be seen as (and has the disadvantages of) 
an "H-fragment" of a standard non-monotonic logic (in 
their case, Reiter's Default Logic). 
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