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Abstract

DL is a recent nonmonotonic description logic,
designed for satisfying independently proposed
knowledge engineering requirements, and for re-
moving some recurrent drawbacks of traditional
nonmonotonic semantics. In this paper we study
the logical properties of DLY and their relation-
ships with the KLM postulates. We use various
versions of the KLLM postulates to deepen the com-
parison with related work, and illustrate the differ-
ent tradeoffs between opposite expressivity require-
ments adopted by each approach.

1 Introduction

Recently, in [Bonatti et al., 2015al, a new nonmonotonic de-
scription logic called DLN has been introduced with the goal
of supporting ontology authoring by means of nonmonotonic
reasoning. DLN aims at removing some recurrent drawbacks
of traditional nonmonotonic DLs' such as: (i) inheritance
blocking, a drawback of preferential semantics and rational
closure; (ii) undesired closed world assumption effects, that
affect circumscription, typicality logic and some probabilis-
tic logics; (iii) the inability to specify whether roles shall
range over normal/prototypical individuals or not, that af-
fects most nonmonotonic DLs. Moreover, DLN adopts a
novel conflict resolution mechanism that helps in detecting
unresolved conflicts between mutually inconsistent defaults.
Since unresolved conflicts frequently correspond to missing
knowledge, highlighting such conflicts constitutes an impor-
tant support to knowledge base debugging and validation. A
further useful property of DLY is that it can be translated
into classical DLs, so that its implementations can rely on
mature and well-optimized inference engines. The transla-
tion can be computed in polynomial time and does not in-
volve complex constructs, so DLN preserves the tractability
of the two major low-complexity families of DLs (££ and
DL-lite, that correspond to the EL and QL profiles of OWL2,
respectively). The experiments in [Bonatti er al., 2015a;
2015b] show unparalleled scalability properties over large
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! Abbreviation for “description logics”.

5558

knowledge bases, with more than 105 axioms. The rela-
tionships between the above features and the knowledge en-
gineering requirements that have been independently intro-
duced in the fields of biomedical ontologies and declarative
policy languages have been extensively discussed in [Bonatti
et al., 2015al.

The main goal of this paper is studying the logical prop-
erties of DLY’s consequence relation, defeasible axioms
and normal instances. Our analysis includes a compari-
son of DLN’s inferences with verbatim and internalized ver-
sions of the KLM postulates [Kraus er al., 1990]. For
our purposes, these postulates are not necessarily desiderata,
due to the loose correspondence between their motivations
and DLYs goals and semantics (cf. [Bonatti et al., 2015a;
Bonatti and Sauro, 2017]). However, we regard them as a
useful technical tool for profiling and comparing the behav-
ior of different logics, since the validity (or non-validity) of
the postulates has been extensively investigated in most non-
monotonic logics.

In [Bonatti and Sauro, 2017] we fix also some technical
problems affecting the original definition of DLN; here we
skip these technical details due to space limitations.

2 The Basics of DLV

Let DL be any classical description logic language and let
DL be the extension of DL with a new concept name NC
for each DL concept C. The new concepts are called normal-
ity concepts and denote the standard instances of C'. Besides
the usual axioms of DL, called classical or strong, DL fur-
ther supports new axioms called defeasible inclusions (DIs,
for short) that are expressions C' C,, D where C' is a DL
concept and D a DLN concept. The informal meaning of
C C, D, roughly speaking, is: “by default, the standard
instances of any concept E should satisfy -C U D, unless
stated otherwise”, that is, unless some higher priority (pos-
sibly strong) axioms entail that the standard instances of E
belong to C' M = D; in that case, we say that C' C,, D is over-
ridden in E. The standard instances of a concept C' (i.e., the
members of NC) are required to satisfy all the DIs that are
not overridden in C. We will call the set of DIs satisfied in
NC the prototype associated to C'.

DIs are prioritized by a strict partial order <. Such pri-
ority order is part of the knowledge base. It may be based
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Mamm C,, 3lungs Mamm E,, —3 fins
SeaAnim C,, 3 fins Whales © Mamm M SeaAnim
Dolphins & Mamm M SeaAnim M 3 fins

Table 1: The KB formalizing Example 1

on specificity, to make the defeasible properties of a class C'
override those of its superclasses, but it may also be based on
time, to make more recent axioms override older axioms (as
it is customary in law). If §; < J2, then &7 has higher prior-
ity than J5. DLN solves automatically only the conflicts that
can be settled using <. Any other conflict shall be resolved
by the knowledge engineer (typically by adding more DIs).
Unresolved conflicts cause the affected concept C' to have no
standard instances, that is, NC' C L is entailed by the knowl-
edge base (in symbols: B k& NC C 1). Thus unresolved
conflicts can be detected by simple concept satisfiability tests,
while all the other logics just hide the conflicts.

The papers [Bonatti er al., 2015a; 2015b; Bonatti and
Sauro, 2017] contain examples inspired by real applications,
but here — due to space limitations — we resort to an artificial
example that illustrates several features of DLN at once.

Example 1 Let us formalize a domain where “by default,
mammals have lungs and not fins, by default sea animals have
fins, whales are both mammals and sea animals, dolphins are
both mammals and sea animals and have fins”. The axioma-
tization in DLY is reported in Table 1. The priority relation
on DIs is specificity.

Both Dolphins and Whales are in the intersection of
Mamm and SeaAnim, that have conflicting default proper-
ties concerning fins. Since Mamm and SeaAnim are incom-
parable, specificity does not settle the conflict.

However, dolphins are explicitly asserted to have fins; this
assertion overrides the second default property of mammals
thereby resolving the conflict. Still, Dolphins inherit the other
default property of mammals (since DL is not affected by
inheritance blocking) so the attributes of standard dolphins
are captured by the following inference, stating in formal
terms that standard dolphins have both fins and lungs:

KB ke N Dolphins C 3 fins M 3 lungs .

The definition of Whales, instead, is incomplete: the knowl-
edge engineer forgot to settle the conflict. However, the need
for additional knowledge can be easily identified by looking
for inconsistent normality concepts. In DLN (where unre-
solved conflicts are not silently removed because a DI can
be overridden only by axioms with strictly higher priority)
whales inherit all the (mutually inconsistent) default proper-
ties of mammals and sea animals, therefore:

KB k= N Whales = L.

In other words, the standard concept consistency tests carried
out during KB validation point out also unresolved conflicts.

In some logics, like circumscribed DLs and typicality DLs,
the fact that dolphins are exceptional mammals would cause
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Name Rule schema Valid in DLN
REF % v

v KBEo KBulo)ro p
T
ue ‘

RW KB E - IQO; ki v

OR KBU{a} kv KBU{B} R~y
KBU{a VBT R~y
KBRr~y KBR-a

RM KBUTa} 7

Nonstandard DL axioms « V 3, =8 can be simulated with
the universal role;

ke denotes the nonmonotonic consequence relation of DLY;
= denotes classical inference.
All these rules hold when there are no unresolved conflicts.

Table 2: The KLM postulates in DLN

the set of such exceptional individuals to be minimized. So, in
the direct equivalents of the above knowledge base, Dolphins
would be inconsistent (Dolphins T ). On the contrary, in
DLN neither Dolphins nor N Dolphins are inconsistent. If
we further asserted that Moby is a whale, then circumscribed
DLs and typicality DLs would infer Whales = {Moby}
while DLYN would not. ]

3 Relationships with the KLM Postulates

In their seminal papers, Makinson [Makinson, 1988] and
Kraus, Lehmann, and Magidor [Kraus er al., 1990; Lehmann
and Magidor, 1992; Lehmann, 1995] argued that in order to
reason about what normally holds in the world, it is desirable
to make nonmonotonic consequence relations closed under
certain properties, called KLM postulates, from the initials of
their authors. Even if DLY has not been built with the KLM
postulates in mind (because it has different goals), it often
behaves in a quite similar way. In DLN there exist several
analogues of the postulates; the verbatim instantiation of the
original, meta-level postulates — in DLN’s terminology — is
illustrated in Table 2. With respect to this version of the pos-
tulates, DLN s cumulative, i.e. it satisfies the first five rules.
The cumulativity property shows that DIs significantly differ
from default rules, since default logic is not cumulative.

If each consistent DL concept has at least one standard in-
stance (i.e. all unresolved conflicts have been removed), then
DLN satisfies all postulates — that is, its consequence rela-
tion is rational. The same precondition is hardwired in the
semantics of typicality logics through the smoothness condi-
tion, and a similar assumption was made in a first-order exten-
sion of the postulates [Lehmann and Magidor, 1990]. This is
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Name Rule schema Valid in DLN
REF, .0 v

CT, CLC, DO ECnl_IED Cn, E

M, < ECanD gcn% -

LLE, CLn ED Sn':EC =D partly
RW,, CEnDCESJ:EDEE

OR,, ¢ %LUED ED7 LEE" E partly
RM, A p e

S is the strong part of the knowledge base.
All these rules hold when their premises are not overridden.

Table 3: Internalized KLM postulates for DIs

incompatible with DLN’s new conflict highlighting behavior.
DLN does not only facilitate the identification of unresolved
conflicts; it becomes also rational after such conflicts have
been removed, thus one can satisfy the KLM axioms without
giving up the knowledge base debugging aids of DLN.

Since OR and RM may be violated when a concept has
an inconsistent prototype, an interesting open question is
whether some KLM postulates are incompatible with the
novel conflict highlighting mechanism of DLN .

In the full paper, we prove also that the rational closure of
DLs itself does not satisfy the equivalent of OR in Table 2,
but only an internalized version thereof, illustrated below.
This raises an interesting research question: to what extent
do the logics based on internalized KLM postulates satisfy
their original, meta-level version?

Several logics internalize the nonmonotonic consequence
relation and push the KLM postulates to the object level
(e.g. [Casini and Straccia, 2010; 2011; 2013; Giordano et
al., 2013; 2015]). A similar internalized version is reported
in Table 3. This version of the KLM axioms is clearly af-
fected by overriding. For instance, if the second premise of
CM,, were overridden, then there would be no logical ground
for supporting the conclusion. However, if the premises are
not overridden, then all the postulates of Table 3 are valid in
DLN Ttis very interesting to note that a similar phenomenon
can be observed in Lehmann’s account of default reasoning
[Lehmann, 1995]. There, the postulates hold only if over-
ridden defaults are ignored. The second interesting remark
is that two of these postulates unconditionally hold in most
practically interesting cases: (i) the OR rule holds if the pri-
ority relation is specificity; (ii) LLE (left logical equivalence)
holds whenever the priority relation treats logically equiva-
lent DIs in the same way (like specificity does).

Table 4 reports another internalized version of the postu-
lates, analogous to those satisfied by typicality logics [Gior-

Name Rule schema Valid in DLN
REFY ~otCo v

cTy NCL DNON(ECEH D)CE partly
cm? NCN (ECZ; DI;IE %, b partly
LLEYN NC 12\] DE ECE’ =D

RWY NC 12\1 g = % CE v
onv  NCCENDCE g,
RMY NCNE(CEH g)CEQEﬁD partly

C, D, and E range over DL concepts.

All the above rules hold if N occurs only in the queries and
there are no unresolved conflicts.

Table 4: Candidate inference rules for N inspired by KLM postulates

dano er al., 2013; 2015]. In the full paper, we show that typi-
cality DLs satisfy these postulates only because the normality
criterion is assumed to be concept-independent (i.e. if John is
more typical than Mary as a parent, then he must also be more
typical than Mary as a driver, as a worker, as a tax payer, and
so on). DLN does not embrace this strong assumption and
— for this reason — it does not universally satisfy CT" and
CM¥V.

So an interesting open question is whether the postulates
of Table 4 can possibly be satisfied by a logic that does not
rely on a unique, concept independent normality relation.

CMY interferes also with inconsistent prototypes (and the
characteristic way DLN deals with unresolved conflicts):

Example 2 Consider the simple N-free X3 consisting of:

D C -E (1)
cC c, D 2
C C, E. 3)

Here the defeasible inclusions (2) and (3) together contradict
the strong inclusion (1), but they have the same priority, there-
fore the conflict cannot be resolved in C, and its prototype is
inconsistent (i.e. NC' C ). On the contrary, the instances of
C N D, by definition, satisfy D (be they normal or not); then
they belong to —F, by (1), so (3) is overridden and N(C' 1 D)
is consistent. This shows that CM¥ does not hold. If it were
applied, then N(C M D) would be made inconsistent, too,
which is difficult to justify: it is not clear why the strong facts
N(C' 1 D) C D and (1) should not override (3) in the proto-
type of C' 11 D. ]

If N does not explicitly occur in KB (which in practice means,
as explained in the full paper, that role fillers are not required
to be normal, similarly to what inevitably happens in rational
closure and default DLs) then all postulates in Table 4 hold
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Name Axiom schema Sound in DLN
neg 1 N-C C =NC v

neg 2 N-C J -=NC undesirable
andl NCMNNDLCN(CMD)  questionable
and2 NCMND JIN(CMD) undesirable
orl NCUNDLCN(CUD) undesirable
or2 NCUNDJIN(CUD)  questionable

C and D range over DL concepts

Table 5: Candidate axioms relating N with boolean operators

but CM?, that holds only if unresolved conflicts are removed
first (cf. Example 2). So a fair comparison of DLN with the
rational closure of DLs shows that the two logics are very
similar, under the expressiveness restrictions of the latter.

Given these results, it is not surprising that DLY returns the
standard expected conclusions in most of the artificial exam-
ples occurring in the literature. The only differences are due
to the unique unresolved-conflict handling strategy of DLN.
See the full paper for extensive, detailed examples on a set of
benchmarks provided by Sandewall.

In the full paper we analyze also the interplay of N with the
standard boolean operators. Table 5 illustrates some natural
candidates. Not all of them make sense. Normality concepts
satisfy the following natural axiom schema:

NCCC “

which is strong, that is, it cannot be overridden. Axiom neg 1
follows from (4) and its contrapositive. It is easy to see that
neg 2 is undesirable, instead. Together with (4) and neg 1 it
implies NC' = C, that is, there could be no exceptional indi-
viduals, and there would be no difference between defeasible
inclusions and strong axioms.

The axioms for ' and LI violate the goal of representing
exceptions, too. Many motivational examples in the literature
contradict and 2 and or 1 (see the full paper for examples).
Accordingly, neither and 2 nor or 1 are valid in DLN.

Axioms and 1 and or 2 are more controversial. They are
valid in some logics, but we believe that a flexible nonmono-
tonic logic should not always satisfy them, for the reasons
explained below.

Example 3 (Drawbacks of and 1) Suppose the following
facts hold. Most students (denoted by concept S) are not
older than 25. Most employees (denoted by F) have a family
income that exceeds € 1000 per month. Most working stu-
dents (S M F) are older than 25, being slowed down by their
job, and their family income is less than € 1000 per month. It
is natural to assert that, by default, the instances of N.S are not
older than 25, that the family income of the instances of NE
is at least € 1000, and that the instances of N(ST1FE) are older
than 25 and their family income is less than € 1000. Note that
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the default properties of N(S M E), in this case, are incom-
patible with those of NS and NE, so this natural approach
at encoding the example is not compatible with and 1, that
would force the instances of N(S M E) to contain the mem-
bers of NSTTNE, that are younger than 25 and have a family
income greater than € 1000. 1

The example showing the drawbacks of and 2 is not reported
here due to space limitations. In typicality DLs, and 1 and
or 2 are strong axioms, enforced by the underlying mono-
tonic logic ALC + T. In the full paper (cf. Appendix B) we
show that they are valid because the models of typicality log-
ics adopt a single, concept-independent normality relation (as
discussed above).

On the contrary, in DﬁN, and 1 and or 2 are not valid.
Should they be appropriate in some application, they could be
enforced by asserting them explicitly in the knowledge base.
This is an interesting method for specializing DN and tun-
ing the set of its valid axioms when needed, so as to obtain
maximum flexibility.

4 Conclusions

DLY is a flexible logic, where axioms like and 1 and or 2
— that seem not to be universally desirable — are not forced
by the semantics and can be asserted if and when needed.
The possibility of choosing different priority relations on DIs
provides further flexibility and expressiveness. Even if the
semantics of DLN has nothing to do with the typical foun-
dations of the KLM postulates (like ranked interpretation and
the exceptionality rankings of rational closure), still DLN sat-
isfies the postulates to a significant extent. After all unre-
solved conflicts have been removed, all the meta-level postu-
lates are satisfied. The internalized version for DIs is satisfied
whenever the premises are not overridden, as in Lehmann’s
default logic (that introduced the lexicographic closure). The
internalized postulates for N (Table 4) are satisfied only un-
der stronger conditions, but the logics that currently satisfy
those postulates adopt the debatable assumption that there is a
unique, concept-independent notion of normality, that forces
also the questionable axioms in Table 5. For all the above
reasons, DLY constitutes a particularly nice tradeoff between
the purely logical KLLM desiderata, and the knowledge engi-
neering needs analyzed in [Bonatti et al., 2015a].

The analysis of DLY in terms of the KLM postulates pro-
vides also a fine-grained comparison with other nonmono-
tonic DLs (see also Sec. 7 of the full paper).

The analysis of why some KLLM postulates are not uncon-
ditionally satisfied in DLN led to the formulation of sev-
eral research questions, some of which are currently be-
ing investigated by other authors. For example, the unique,
concept-independent normality relation of ranked interpre-
tations is now being replaced with multiple normality rela-
tions in ongoing works such as [Giordano and Gliozzi, 2018;
Britz and Varzinczak, 2017]. Hopefully, these investigations
will tell whether the KLM postulates can be enforced in a se-
mantics that supports multiple, contextualized normality cri-
teria, thereby addressing Example 3.
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