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Abstract
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1 Introduction

Description logics (DLs) are a family of logic-based knowl-
edge representation formalisms with useful computational 
properties and a variety of applications across several dis-
ciplines. In particular, DLs are well-suited for representing 
and reasoning about terminological knowledge and therefore 
they stand as the formal foundations of ontologies.

Since their inception in the early ’80s, there has been a 
sustained research focus on DLs. Indeed, many extensions 
and fragments of the basic description languages have been 
investigated and powerful DL-based algorithms exist for 
performing a variety of reasoning tasks over ontologies. 
Examples of these are the extraction of information implic-
itly contained in the specification of a given domain of appli-
cation and the pinpointing of logical errors therein.

The success of description logics as formal languages for 
representing ontologies is evidenced by the decision by the 
World Wide Web Consortium to base the Web Ontology 
Language OWL (https ://www.w3.org/OWL) on a descrip-
tion logic. This has resulted in an increasing number of 
ontologies being represented in OWL and its variants.

Notwithstanding the good trade-off between expressive 
power and computational complexity that they enjoy, DLs 
remain fundamentally classical formalisms inasmuch as 
they are good at formalising how to reason under ideal cir-
cumstances, e.g. the type of unquestionable reasoning we 
perform when doing classical metamathematics. Neverthe-
less, it is equally important to be able to reason when these 
ideal circumstances are not met, in human quotidian as well 
as formal abstract contexts. This involves, for example, the 
presence of conflicting information and the supposition of 
certain facts as provisional (and therefore revisable), among 
many others. Situations such as these are often encountered 
in human everyday reasoning and therefore they also show 
up in the knowledge about the domains one is likely to rep-
resent through ontologies. On the other hand, it is widely 
acknowledged that classical reasoning is unsuitable to cope 
with such issues. Certain principles, properties or idiosyn-
crasies of classical logic—which, by the way, DLs inherit—
make perfect sense in an ideal setting, but they are hard to 
justify or to accommodate to everyday-life situations, as the 
following example from the access-control domain shows:

Assume we know that employees have access to classified 
documents, that interns are also considered as employees, 
and that John has access to classified info. Represented as 
classical statements, the addition of the information that 
interns do not have access to classified documents leads to 
the undesirable consequence that interns do not exist since, 
being employees, they have to have access to documents that 
are classified, contradicting the explicit statement that they 
do not have such access. Of course, the intention here is not 
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to state that employees necessarily have access to classified 
information, but rather the defeasible knowledge that they 
usually do, leaving open the possibility that there may be 
exceptions (such as interns). Unfortunately, it turns out that 
classical representational formalisms such as DLs do not 
allow for handling defeasibility.

Another important issue at stake when reasoning with 
ontologies is the inability of the underlying reasoning 
mechanism to (i) under lack of information, venture beyond 
the knowledge base and still draw tentative relevant con-
clusions, and (ii) upon incoming information, overrule, i.e., 
‘forget’, some of the conclusions that used to be sanctioned, 
if needed. For instance, in the example above, a sensible 
conclusion to draw would be that John is an employee. This 
should be retracted upon learning that he does not work for 
any company. To use a technical term commonly adopted in 
the literature, there is a need for the underlying reasoning 
mechanism to behave in a non-monotonic way.

In this regard, endowing DLs and their associated rea-
soning services with the ability to cope with defeasibility 
is a natural step in their development. Even if some of the 
issues related to uncertainty in reasoning have been stud-
ied using probabilistic approaches and statistical methods, 
their qualitative computational nature remains a large avenue 
for exploration. Indeed, the past 30 years have witnessed 
many attempts to introduce defeasible reasoning capabili-
ties in Description Logics. These range from preferential 
approaches [6, 13, 15, 16, 19] to circumscription-based 
ones [3, 4, 20], amongst others [1, 14, 17, 18, 21]. These and 
other recent developments in the field show that DLs still 
allow for meaningful, decidable extensions, as new knowl-
edge representation requirements are identified, motivated 
by philosophical as well as practical needs.

2  Introducing Defeasibility in DL Ontologies

In a sense, class subsumption (alias concept inclusion) of the 
form C ⊑ D is the main notion in DL ontologies. Given its 
implication-like intuition, subsumption lends itself naturally 
to defeasibility. A defeasible concept inclusion (DCI) of the 
form  is read as “usually, an instance of the class C 
is also an instance of the class D”. An example of DCI is 

 (usually, employees have 
access to classified documents).

Our starting point in the study of defeasibility in DL 
ontologies was an investigation of the properties that   
ought to satisfy in order to be deemed as an appropriate form 
of defeasible subsumption. In that respect, we have put for-
ward a set of syntactic properties (sometimes also referred to 
as postulates) that are DL versions of properties commonly 
accepted in the non-monotonic reasoning literature. The 
important point here is that such properties are explainable 

to and understandable by human users and capture in a for-
mal and unambiguous way the expected behaviour of  .

The semantic constructions providing an unambigu-
ous meaning to   are based on the idea that objects of the 
domain of interpretation can be ordered according to their 
degree of normality or typicality. Given that, we enrich 
standard DL interpretations with an ordering ≺ on the ele-
ments of the domain. An enriched interpretation satisfies 
a DCI  if the elements in the interpretation of C that 
are minimal w.r.t. ≺ are also in the interpretation of D, i.e., 
if the most normal Cs are also Ds.

Our first technical contribution includes representation 
results linking our semantic constructions to the above men-
tioned set of properties considered. These results show that 
our proposal provides an appropriate and intuitive semantics 
for the notion of defeasible subsumption encapsulated by  .

We then turn to the problem of defeasible reasoning at the 
level of entailment. We start by analysing two basic forms 
of logical consequence in the context of defeasible DLs and 
show their unsuitability in a general non-monotonic setting. 
We then provide a definition of a form of defeasible entail-
ment that is suitable and present an algorithm for the com-
putation of the rational closure [13] of a defeasible ontology. 
Importantly, the algorithm relies completely on classical DL 
entailment and shows that the computational complexity of 
reasoning over basic defeasible ontologies is no worse than 
that of reasoning in the underlying classical DL ALC.

3  Typicality for Classes and Relationships

Of particular interest in a non-monotonic context is the abil-
ity to express and reason about a notion of typicality (or 
normality, or expectations). And, as already argued in the 
propositional case [5], being able to do so explicitly in the 
language brings in many advantages from the standpoint 
of knowledge representation. In a DL setting, this need is 
mainly felt when checking whether a given individual is a 
typical instance of a class or whether a pair of individuals 
is a typical instance of a given role, or some combination 
involving both.

It turns out that the aforementioned issue has only par-
tially been addressed in the literature on non-monotonic 
reasoning in that explicit notions of typicality for concepts 
have been introduced [2, 15], but of which the use in logi-
cal statements has to adhere to certain syntactic constraints. 
To the best of our knowledge, a framework for full-fledged 
typicality in concepts and, important, also in roles has not 
been developed before.

With this motivation in mind, we introduced a logic 
allowing for the representation of and reasoning about both 
typical class-membership and typical instances of a rela-
tion [22]. We do so by enriching the description logic ALCH 
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with a typicality operator ∙ , applicable to both concepts and 
roles, and of which the intuition is to capture the most typi-
cal instances of a class or a relation. As an example, the 
concept description ∙�������� ⊓ ∃∙������.¬∙������� ��� 
describes the class of individuals who are typical employees 
having a typical access to an atypical classified document.

We have defined a semantics for our enriched language 
in terms of structures allowing not only for objects of the 
domain to be ordered according to their degree of typicality 
but also for pairs of objects to be comparable in such a way. 
Given that, the extension of the concept ∙C in such inter-
pretations is given by the minimal objects in the interpreta-
tion of C, and that of the role ∙r corresponds to the minimal 
pairs taking part in the binary relation associated with r. One 
of the consequences of the new semantic definitions is that 
every DCI of the form  can be reduced to a ∙-based 
classical subsumption of the form ∙C ⊑ D.

The main technical contribution in this thread of inves-
tigation is the definition of a tableau-based algorithm for 
checking consistency of knowledge-bases specified in our 
typicality-based DL. In particular, we show that the algo-
rithm always terminates and that it is sound and complete 
w.r.t. our proposed semantics.

4  Defeasible Class Constructs and Context

Given the special status of subsumption in DLs in particu-
lar and the historical importance of entailment in logic in 
general, the bulk of the effort in formalising defeasibility 
has quite naturally been put in the definition of accounts 
of defeasible subsumption and in the characterisation of 
notions of defeasible entailment relations. Therefore, in a 
sense, there has been too much focus on defeasibility of 
‘implication-like’ statements, whereas other facets of defea-
sibility, possibly at the object level, have somewhat been 
neglected by the defeasible reasoning community. As it turns 
out, there are contexts where the ability to express nuances 
of defeasibility other than that of conditionals is desirable [7, 
10, 11].

In that respect, we have investigated a notion of defea-
sibility that is complementary to defeasible subsumption, 
namely that of relativised role defeasibility. Our motivation 
stems essentially from the observation that a given relation-
ship holding between some objects may be deemed more 
normal than between others and that this may be the case 
irrespective of whether the relevant objects are typical in 
one way or another. Such an observation can then be used to 
determine the relevance of certain relationships when evalu-
ating role-based concept constructs.

Indeed, classical value restrictions of the form ∀r.C con-
strain objects (in its interpretation) to those that are related 
by r only to objects in C. This requirement can be (and, 

in practice, often is) too strong. For instance, consider the 
concept ∀��������.������� . An individual who works for 
a company but is also a freelancer after hours would not 
belong to this class, even though we may want to include 
such an individual when referring to workers whose ‘nor-
mal’ working relationship is with companies. The typicality 
operators sketched in Sect. 3 above constitute a first-step 
in this direction. Nevertheless, it is not hard to see that the 
concepts ∙∀��������.������� , ∀��������. ∙ ������� , and 
∀∙��������.������� mean something quite different from 
the intuition we want to convey here.

In order to single out cases such as the aforementioned 
one, while still being able to draw conclusions on what is 
typically the case about an individual’s relationship, we have 
made a case for defeasible value restrictions of the form 

 [8]. Intuitively,  should cater for 
the example above.

The semantics of the enriched language draws on that for 
typicality of roles sketched in Sect. 3. A concept of the form 

 is then interpreted as the class of all objects whose 
most normal r-links are with objects in the interpretation 
of C.

We then move on by introducing contextual defeasible 
subsumptions of the form  , in which the role name r 
serves as a primitive notion of context. This simple addition 
to the expressivity of the language suddenly allows for a 
more fine-grained formalisation of domains in which typi-
cality (and atypicality) depends on a particular context. We 
show that contextual defeasible subsumption can be given an 
elegant semantics in terms of multiple orderings on objects 
induced from those on the respective roles [12].

The main technical contribution of this thread of inves-
tigation is two-fold: first, we have defined a tableau-based 
algorithm for checking consistency of contextual defeasible 
knowledge bases, a central piece in the definition of other 
forms of contextual defeasible reasoning over ontologies; 
second, we provide a semantic construction for contextual 
rational closure as well as a method for its computation, with 
a correspondence result linking the two.

5  Defeasible SROIQ

Finally, we investigate the foundations of highly-expressive 
defeasible description logics. We do so by introducing sev-
eral defeasible-reasoning constructs into SROIQ , the most 
expressive DL that is still decidable and the one on which 
the Web Ontology Language OWL is based.

We start by enriching SROIQ with non-monotonic con-
cept constructors in the concept language and defeasible 
statements at the knowledge-base level, along the lines of 
those described in the previous sections. We also introduce 
the notion of defeasible role inclusion of the form  , a 
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natural counterpart of our DCIs and to date never explored 
in the literature. Furthermore, we investigate defeasibility of 
role assertions, a feature of expressive DLs allowing for the 
specification of role properties such as functionality, tran-
sitivity, disjointness and many others that are useful from a 
knowledge representation perspective.

As it turns out, our preference-based semantic construc-
tions are fruitful in providing an appropriate semantics for 
the resulting defeasible DL dSROIQ [9]. We show that 
reasoning over dSROIQ ontologies can be done via a 
translation of entailment to concept satisfiability relative to 
a subset of the defeasible knowledge base. We then define a 
tableau-based proof method for deciding on consistency of 
dSROIQ-concepts w.r.t. our preferential semantics.

6  Concluding Remarks

We have addressed the problem of modelling and reasoning 
in the presence of defeasibility in ontologies, and empha-
sised how fruitful the preferential approach can be when 
applied to rich logical languages. The several DL-based for-
malisms that we have designed enjoy the following features: 
They are simple and intuitive; they all have a neat syntax 
and a clean semantics; they are amenable to implementa-
tion; they are all decidable, and they do not add to the com-
putational complexity of the classical description language 
they build on. The innovation of the research endeavour here 
summarised relies mostly in the investigation of nuances of 
reasoning hitherto largely unexplored by the community and 
in the quest for a comprehensive framework for multifarious 
defeasible reasoning in DL ontologies.
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