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Abstract. We revisit non-monotonic description logics based on circum-
scription (with preferences) and prove several decidability results for their
satisfiability problem. In particular, we consider circumscribed descrip-
tion logics without the finite model property (DL-Liter and ALCFT) and
with fixed roles (DL-Liter and a fragment of DL-Liter ), improving upon
previous decidability results that are limited to logics which have the finite
model property and do not allow to fix roles during minimization.

1 Introduction

During the evolution from frame systems to description logics (DLs), nonmono-
tonic inferences and constructs (such as those supported by the LOOM sys-
tem in the 1990s) have disappeared from the mainstream. However, a range of
knowledge engineering requirements kept interest in nonmonotonic DLs alive,
see e.g. [21,23,5] for more details. In fact, along the years all of the major non-
monotonic semantics have been adapted to DLs, including the integration of
default rules and DLs [2,12,20,16,17], circumscription [7,22], and variations of
autoepistemic logics, preferential semantics and rational closure [8,11,14,15,10].
In this paper, we focus on circumscription, which was first applied in the DL
context by Gerd Brewka to whom this volume is dedicated [7]. The general idea
of circumscription is to select a subclass of the classical models of the knowl-
edge base by minimizing the extension of some selected predicates that represent
abnormal situations. During minimization, the interpretation of the other pred-
icates can be fixed or vary freely. To achieve a faithful modeling, in addition it
is often necessary to allow a preference order on the minimized predicates, that
is, if P, is preferred to P», then we allow the interpretation of P to become
larger (or change in an orthogonal way) if this allows the interpretation of P; to
become smaller.

All these aspects of circumscription are incorporated in the circumscription
patterns studied in [6,5], where a range of (un)decidability results for circum-
scribed DLs based on circumscription patterns has been obtained. The positive
results are mostly obtained by using a filtration type of construction as known
from modal logic [4], which is limited to logics that enjoy the finite model prop-
erty. The negative results show that a main cause of undecidability is to allow
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role names (binary relations) to be minimized or fixed during minimization in-
stead of minimizing/fixing only concept names (unary relations). However, many
popular description logics such as those underlying the OWL ontology language
recommended by the W3C do not enjoy the finite model property; moreover,
minimizing/fixing roles would be useful as a modeling tool for applications.

In this paper, we contribute to a better understanding of the computational
properties of circumscribed DLs without the finite model property and with fixed
role names. Regarding the former, we deviate from the filtration approach and
prove decidability by reduction to the (decidable) first-order theory of set systems
with a binary predicate expressing that two sets have the same cardinality [13].
The reduction is inspired by reductions of inseparability problems for DL TBoxes
to BAPA (Boolean Algebra with Presburger Arithmetic) from [19]. We note
that the surprisingly close relationship between inseparability (and conservative
extensions) of DL TBoxes and circumscribed DLs has been exploited to prove
results in both areas before: complexity results for circumscribed DLs have been
used to investigate the complexity of deciding inseparability and conservative
extensions in [18]. Conversely, undecidability results for inseparability proved in
[18] have been used in [5] to prove undecidability results for circumscribed ££
TBoxes. Regarding fixed roles, we show that decidability results can be obtained
for members of the DL-Lite family of inexpressive DLs. Considering two such
members, we show that decidability results can be both obtained by reduction
to the afore mentioned theory of set systems and by the original filtration-style
method from [5].

In detail, our results are as follows (all referring to concept satisfiability rela-
tive to circumscribed knowledge bases as introduced in Section 2):

1. Circumscribed ALCFZ without minimized roles and fixed roles is decidable
where ALCFT is the basic DL ALC extended with functional and inverse
roles. This extends the previous decidability results for DLs such as ALCT
and ALCQ which enjoy the finite model property [6].

2. Circumscribed DL-Litef, ,with fixed roles (but no minimized roles) is de-
cidable where DL—Liteg—;Olis DL-Lite with boolean concept connectives and
functional roles. Note that, in addition, DL—Lite;;Olis another example of a
decidable circumscribed DL without the finite model property.

3. Circumscribed DL-Lite[Y ; with fixed roles (but no minimized roles) is decid-
able if it is additionally assumed that no minimized or fixed role is subsumed
by a varying role, where DL—LiteZﬁol is DL-Lite with boolean concept con-
nectives and role inclusions.

2 Preliminaries

The alphabet of description logics (DLs) consists of three (pairwise disjoint)
sets: a set N| of individual names, denoted a, b, ..., a set Nc of concept names,
denoted A, B, ..., and a set Ng of role names, denoted P. A role, denoted R, is
either a role name or an inverse role, that is, an expression of the form P~. As a
convention, we set R~ = P if R = P~. We consider two members of the DL-Lite
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family of DLs [9,1]. The concepts C of DL-Litej, , are defined inductively as
follows:
B:=L1L | T | A | 3R,

C:=B | —-C | CinQCs.

The concepts of the form B are called basic. A concept inclusion in DL—Lite{;Ol
is of the form Cy| C Cs, where C and Cs are DL-Lite;;Ol concepts. A TBox 7T in
DL-Litey, , is a finite set of concept inclusions in DL-Litef, ;, and functionality
assertions func(R), where R is a role.

Concept inclusions in DL—Liteﬁol are defined in the same way as concept
inclusions in DL-Litef, ;. A TBox T in DL-Lite[,, is a finite set of concept
inclusions in DL-Litez}OOl and role inclusions Ry C Ry, where Ry and Ry are
roles.

The concepts C' of the DL ALCFZ are defined inductively as follows:

C = 1 | T | AZ ‘ -C | C1 1 C2 ‘ JdR.C.

Concept inclusions and TBoxes T in ALCFZ are defined in the same way as
TBoxes in DL-Lite{;Ol, where concepts in DL-Lite;,};ol are replaced by concepts
in ACCFT.

An ABoz A is a finite set of assertions of the form A(a) and P(a,b). We
use P~ (a,b) to denote the assertion P(b,a). By Ind(A) we denote the set of
individual names in A. A knowledge base (KB, for short) is a pair K = (T, .A)
with a TBox 7 and an ABox A.

The semantics of DL knowledge bases is defined as usual, see [3] for details.
An interpretation Z = (A%, -T) is given by its domain A and an interpretation
function that associates with every concept name A a set A7 C AT, with every
role name P a relation PT C AT x AT, and with every individual name a an
element a” € A”. We make the unique name assumption (aZ # b% if a # b). We
denote by CT C AT the interpretation of a (complex) concept C' in Z and say
that an interpretation Z is a model of a KB K = (T, A) if

- CTCDT foralCCDeET;

- RTCST foral RC SeT;

— R is a partial function, for all func(R) € T;
— af € AT for all A(a) € A;

(aT,bT) € PT, for all R(a,b) € A.

Given a DL L, concept satisfiability relative to L KBs is the following problem:
given a concept C' in £ and a KB K in £, decide whether there exists a model
T of K such that CT # (). Concept satisfiability is NP-complete for DL-Litei)ol
and DL-LiteS,,, and EXxpTiME-complete for ALCFT.

To define DLs with circumscription, we start by introducing circumscription
patterns. Such a pattern describes how individual predicates are treated during
minimization.

Definition 1 (Circumscription pattern, <cp). A circumscription pattern
is a tuple CP of the form (<, M, F, V'), where < is a strict partial order over M,
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and M, F, and V are mutually disjoint and exhaustive subsets of Nc U Ng, the
minimized, fixed, and varying predicates, respectively. By =, we denote the re-
flexive closure of <. Define a preference relation <cp on interpretations by setting
T <cp J iff the following conditions hold:

1. AT = A7 and, for all a € Ny, a* = a7,

2. forallp € F, p* =pJ,

3. forallp € M, if p* & p7 then there exists ¢ € M, q¢ < p, such that ¢* C ¢7,

4. there exists p € M such that p* C p7 and for all ¢ € M such that q < p,
¢ =q7.

A circumscribed knowledge base with circumscription pattern CP = (<, M, F, V)
and KB K is denoted by Circcp(K). An interpretation Z is a model of Circcp(K)
if it is a model of K and no J <cp Z is a model of K.

In this paper, we consider the decidability and complexity of concept satisfia-
bility relative to circumscibed KBs: a concept C'is satisfiable relative to a circum-
scribed KB Circcp(T, A) if some model Z of Circcp(T,.A) satisfies CZ # (). By
(concept) satisfiability problem relative circumscribed KBs we mean the prob-
lem to decide whether a given concept C' is satisfiable relative to a given cir-
cumscribed KB. Other reasoning problems such as subsumption and instance
checking relative to circumscribed KBs can be reduced to concept satisfiability
relative to circumscribed KBs [6].

3 Decidability for DL-Lite], ,

We show decidability of concept satisfiability relative to circumscribed DIL-
Litey, , KBs with fixed roles and without minimized roles. Note that fixed
roles easily lead to undecidability of concept satisfiability relative to circum-
scribed KBs, such as for the circumscribed version of the popular lightweight
(and tractable) DL €L [5]. Also note that DL-Litej, , does not have the finite
model property. An example showing this is given by the KB K = (T, .A), where

T={AC3P,3P~ C3IP,AC -3P ,func(P7)}, A= {A(a)}.

It is easy to see that K is satisfiable but has no finite model. Thus, approaches
to reasoning in circumscribed DLs that are based on filtration [6] cannot be
employed in this case.

We prove decidability by reduction to the first-order theory of set systems with
a binary predicate expressing that two sets have the same cardinality, which is
decidable [13]. Formally, the language SC of set systems with cardinality is de-
fined as follows. Its terms are constructed from variables X1, Xo, ... (interpreted
as sets) and constants 0 (the empty set) and 1 (the whole set) using the binary
function symbols N (intersection), U (union), and the unary function symbol
- (complement). As usual, we prefer the infix notation for the binary function
symbols and write, e.g., X NY instead of N(X,Y"). Atomic SC formulas are of
the form
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— By = By and By C By, where By and By are terms;
— |B1| = |Bg| and |B;| < |Bz|, where By and Bj are terms.

SC formulas are now constructed in the standard way using quantification, con-
junction and negation. We are interested in the satisfiability of SC sentences in
structures of the form A = (24,N,U,-,0, A), where A is a non-empty set. We
call such structures SC structures. An SC model 9t consists of an SC structure
2l and an interpretation function X* C A of the variables X; in 2. The truth
of SC sentences in an SC model is defined in the obvious way, for example,

- M = By = By if B = B,

- M= [Bi| = |Be| if |BY| = |BY".

Decidability of satisfiability of SC sentences in SC models is proved in [13]:
Theorem 1. Satisfiability of SC sentences is decidable.

Suppose that a KB K = (T, .A), a circumscription pattern CP = (<, M, F, V),
and a concept Cp are given such that no role name is minimized in CP (that is,
M contains no role names). We encode satisfiability of Cy relative to Circcp(K)
as a satisfiability problem for SC sentences.

Take for every concept name B in KU{Cy} and any B of the form 3P or 3P~
such that P occurs in KU {Cp}, an SC variable X . Then define inductively for
every subconcept C of K U {Cp} an SC term C*:

B* = Xp, 15 =0, TS =1,
(~C)* = C*, (CLNCy)* =CENC.

We also set

TP={C1CC|CLEC €T}
If 7 and Cy do not contain roles, then clearly Cj is satisfiable relative to (un-
circumscribed) 7 iff the SC sentence 3X (—(C§ = 0) A A, 7. @) is satisfiable
where X is the sequence of variables occurring in 7° or C§. To extend this to
an encoding of satisfiability of Cy relative to (uncircumscribed) 7" with roles, it
is sufficient to state that X5p is empty iff X5p- is empty for every role name P
and to state for functional roles R that the cardinality of X3p is not smaller that
the cardinality of X5-. Thus, we extend T° to 7*° by adding the following SC
formulas to 7°:

(=(Xzp = 0) > ~(X5p- =0)),

for every role name P in K U {Cp}, and
| X3r| > | X3R-|

for every role R with func(R) € T. We prove that Cjy is satisfiable relative to
T iff the SC formula ¢ = 3X (=(C§ = 0) A Ayerec @) is satisfiable. First
let Z be a model of T such that CZ # (). Define an SC structure 9 based on
2A = (24,M,U,-,0, A) by setting A = AT, XF' = AT for all concept names A,
and X3t = {d € A | 3d’ (d,d') € R*} for all roles R. It is readily checked that 2
satisfies . Conversely, assume that a model 9 based on A = (24,N,U, -, 0, A)
satisfies ¢. Define Z by setting AT = A,
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- AT = X%ﬁ for all concept names A;

~ PT = X3 x XL for all roles P with neither func(P) nor func(P~) in T;

— and defining R* as a surjective function with domain X é”}% and range X é”}%_
if func(R) € T (such a function exists since | X2i| > | XT%_| for every role R
with func(R) € T).

One can check that 7 satisfies 7 and that CZ # 0.

To encode circumscription, we define a second translation C™ of every sub-
concept C in K U {Cp}. C™ is defined in exactly the same way as C® except
that we use fresh SC variables Yg instead of the SC variables Xg used in the
translation C*. We define 7™ and 7€ in exactly the same way as 7*° and 7T *¢
with Xp replaced by Yp.

Assume now that the ABox A is empty. Then we can encode satisfiability of
Cy relative to Circcp(K) in a straightforward way by considering satisfiability of
the SC sentence

IX (—(CS:O)/\ A a A VY (Y <cp X 5- N\ a)) 1)
aeTse aETme

where X is as above, Y is the sequence of variables occuringin 7™ and Y <cp X

stands for the conjunction of
Xp =Yg,

for each concept name B in F' and B of the form 3P or 3P~ with P € F,

N ((YagXa)— \/ (YCXa),

AeM BeM,B<A

and

V (Yacxaon N\ (Vs =Xp)).

AeM BeM,B<A
We now extend the encoding above to KBs with non-empty ABox A. To encode
the ABox, take for every individual name a € Ind(A) an SC variable X, and
define the set of SC formulas A° as follows:

(A1) |X,4| =1 for all @ € Ind(A), where |X,| = 1 abbreviates the conjunction of
| Xo| > 10] and VX ((X C X,) — (X =0)).
(A2) X,NXp, =0fora#banda,b e Ind(A). These formulas encode the unique
name assumption.
) Xo € X4 if A(a) € A for a € Ind(A).
) X C X3p if P(a,b) € A for some b.
) X C X5p- if P(b,a) € A for some b.
) 0 =1 if there exists a role R with func(R) € T and a, b,b’ with b # b’ such
that R(a,b), R(a,bt’) € A.
(A7) If func(R) € T and func(R~) ¢ T, then let Xr be the set of a € Ind(A)
such that there exists b with R(a,b) € A and let Vg be the set of b € Ind(.A)
such that there exists a with R(a,b) € A. Include

X3r\ (U Xo)l 21X\ (U Xo)l

a€EXR a€Yr
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in A®. (Note that for such R we can remove from 7° the formulas | X3g| >
| X5R-| since they are implied.)

Define A™ analogously to A° with Xpg replaced by Yz (note that we do not
introduce fresh variables Y, since the interpretation of individual names is fixed).
Set K? = (T5¢,A%) and K™ = (T™*°, A™). Now, it is readily checked that Cy
is satisfiable relative to Circcp(K) if the following SC sentence is satisfiable:

IX (ﬁ(cgzo)A ANa n VY <eX-- A a)) 2)
aeks acekm™

We have proved the following result:

Theorem 2. Satisfiability of concepts relative to circumscribed DL-Lite, , KBs
without minimized roles is decidable.

4 Decidability for ALCFT

We show decidability of concept satisfiability for circumscribed ALCFZ KBs
without minimized and fixed roles. The proof is again by reduction to the theory
of set systems with a binary predicate expressing that two sets have the same
cardinality. Note that decidability of concept satisfiability for circumscribed KBs
without minimized and fixed roles has been proved using filtration in [6] for DLs
with the finite model property such as ALCZ and ALCF. As an extension of
DL-Litei)ol, ALCFT does not have the finite model property.

Consider a circumscribe ALCFZ KB K = Circcp(T, A) where the pattern
CP = (<, M, F,V) has no minimized or fixed role names, and a ALCFZ-concept
Cp. We encode satisfiability of Cy relative to Circcp(K) as a satisfiability problem
for an SC sentence.

Take for every concept name B in K U {Cp} and any concept B of the form
JP.C or 3P~.C which occurs in K U {Cp}, an SC variable Xp. Then define
inductively for every subconcept C of X U {Cp} an SC term C* as before:

B* = Xp, 15 =0, T =1,
(=C)* = Cs, (CLMCy)* =C5NCs.

By sub(KX U {Cy}) we denote the closure under single negation of the sub-
concepts that occur in K U {Co}. A type t is a subset of sub(K U {Cp}) such
that

- Lgtand T et;
- =C et iff C ¢t, for all =C € sub(K U {Cp});
- CinNCyetiff C1,Cy et, forall CyMCy € SUb(’C U {Co})

We use t° as an abbreviation for the SC term (), C*. To encode the behavior of
roles we, intuitively, decompose roles I? into roles ¢ ¢+ such that two individuals
d,d’ are in relation Ry iff they are in relation R and d is in t and d’ is in t'.
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We cannot directly talk about Ry in SC and so we introduce variables denoting
the domain and range of Ry ¢/, respectively: for any pair t,t’ of types and any role
R introduce an SC variable Xg ¢ /. Intuitively Xg ¢+ stands for all individuals
which are in t and which are in the relation R to an individual in t’. Define 7"
as the union of {C§ C C5 | C1 C Cy € T} and the following SC formulas:

(a) t*NXpy ¢ = 0if t # t/, for all types t,t’. These formulas state that an
individual in t cannot be in the domain of Ry ¢~ for t # t.

(b) t° € Upgey Xritp if AR.C € t. These formulas state that if d is in t and
t contains some JR.C, then d must be in relation R to some d’ in t' with
Cet.

(¢c) t°NXpey =0if -FR.C et and C et

(d) Xprte N Xpetr =0if R is functional and t' # t”.

Now we extend 7" to 7™¢ by adding the following SC formulas to 7":
((Xper =0) < 2(Xp- ¢t = 0)),
for every role name P in K U {Cp}, and
[ Xrte| = | Xr- el

for every role R with func(R) € 7. We show that Cj is satisfiable relative to T
iff the SC sentence 3X (=(C§ = 0) A A\ c7re @) is satisfiable where X is the
sequence of variables occurring in 77¢ or C§.

First let Z be a model of T such that CZ # (). Define an SC model 9t based
on A = (24,N,U,-,0, A) by setting A = AT, X%ﬁ = A? for all concept names
A, X o ={de A|3d € CT and (d,d’) € R*} for all IR.C € sub(K,U{Cy}),
and

XPe ={de ()™ |3d € (t'*)™ and (d,d) € R*},

for all roles R and types t,t’. It is readily checked that 9 satisfies . Conversely,
assume that a model 9 based on A = (24,N,U, -, 0, A) satisfies . Define T by
setting AT = A,

— AT = X7 for all concept names A;

- PI = Ut/ XP o X XPL for all roles P with func(P), func(P~) & T;

~ RZ is the union of surjective functions f; ¢ with domain Xg?t’t, and range
Xsm

Be ¢ if func(R) € T (where t,t’ range over all types).

One can check that Z satisfies 7 and that CZ # 0.

To encode circumscription, we again define a second translation C" of every
subconcept C' in KU {Cp}. C™ is defined in exactly the same way as C* except
that we use fresh SC variables Yy instead of the SC variables X used in the
translation C*. We also introduce fresh SC variables Yp ¢+ for every role R and
types t, t'. Now define 7™ and 7™¢ in exactly the same way as 7" and T"¢,
where the variables X are replaced by the corresponding variables Y.
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Assume again that the ABox A is empty. Then we can encode satisfiability
of Cy relative to Circcp(K) in a straightforward way by considering satisfiability
of the SC sentence

Ix (ﬁ(cgzo)A A a A VY <t X5 N\ a)) (3)
Q€T e aeTme

where X is as above, Y is the sequence of variables occuring in 7™ and now
Y <¢p X is obtained from Y <cp X by taking the equations X4 = Y4 for
concept names A € F only. (The remaining equations involving X3 do not
make sense here.)

We extend the encoding above to KBs with non-empty ABox A. Take again
for every individual name a € Ind(.A) an SC variable X, and define a set A" of
SC formulas by taking the formulas in (Al), (A2), (A3), and (A6) from above
as well as the following;:

— for all R(a,b) € A and all types t1, t2 include
(Xa - tiq) A (Xb - t;) - (Xa - XR,tLtz)v

into A".

— Assume, as in (A7), that func(R) € 7 and func(R™) € T. Let X'r be the set
of a € Ind(A) such that there exists b with R(a,b) € A and let Y be the set
of b € Ind(A) such that there exists a with R(a,b) € A. Include for all types
t,t’ the formula

Xrew \ (| Xl 2 [Xpwe\ (U X

a€EXR a€YVr
into A".

Define A™ analogously to A" with variables X replaced by the corresponding
variables Y. Set K" = (77¢, A") and K™ = (T™*¢, A"). Now, it is readily checked
that Cj is satisfiable relative to Circcp(K) if the following SC sentence is satisfi-
able:

IX (—|(C§:O)/\ A a A VY(Y <t X 5= N\ a)) (4)

ackr ackn

We have proved the following result:

Theorem 3. Satisfiability of concepts relative to circumscribed ALCFZ KBs
without minimized and fized roles is decidable.

5 Decidability for DL-Lite[S, ,

We prove decidability of concept satisfiability relative to circumscribed DL-
Lite¥,, knowledge bases with fixed roles and without minimized roles under the
additional assumption that no varying role is subsumed by a fixed role. In con-
trast to the previous two sections, our approach is to use a filtration-style tech-
nique to establish a finite (in fact, single exponential) model property. To capture
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the mentioned syntactic restriction, we call a circumscribed KB Circcp (7T, .A) in
DL—LiteZﬁol role-layered if for each role inclusion R C S € T either R € F or
SeV.

For a concept Cy, ABox A, and TBox 7, we denote by cl(Cyp,T,.A) the set
of subconcepts of concepts in Cy, A, and T. The concept-size of Cy and a KB
(T, A) is the cardinality of cl(Cy, T, .A).

Lemma 1. Let Cy be a concept in DL-Litel% ; and Circcp(T,.A) a KB in DL-
Lz’tez%ol that is role-layered and does not contain minimized roles. If Cy is satis-
fiable relative to Circcp(T, A), then it is satisfied in a model J of Circcp(T,.A)
with |AJ| < 2" + |Ind(A)|, where n is the concept size of Co and (T, A).

Proof. Let Z be a model of Circcp(T, A) satisfying Co. Set Ind”(A) = {a% | a €
Ind(A)}. Define on AZ the equivalence relation ~ by setting d ~ d’ iff

{C ed(Cy, T, A) | de CF} = {C € c(Cy, T, A) |d € C*}

and d,d’ ¢ Ind*(A) or d = d’ (this is needed to respect the unique name as-
sumption). We use [d] to denote the equivalence class of d w.r.t. ~. Let J be
the following interpretation:

AT ={[d] | d € AT}
A7 ={[d] | d € AT}
P7 = {([d1],[ds]) | 3d € [d1],d’ € [do] s.t. (d,d') € P}

a? = [a?].

We show that J is a model of Circcp(T,.A) that satisfies Cy. It is standard to
show the following by induction on C"

Claim 1. For all d € AT and C € cl(Cy, T, A): d € CT iff [d] € CY.

Claim 1 implies that J satisfies C and is a model of the KB (7,.4). To prove
that J is a model of Circcp(T,.A), it thus remains to show that J is minimal
w.r.t. <cp. Assume for a proof by contradiction that there exists a model J’ of
T and A such that J’' <cp J. Define Z' as follows:

AI' — AI

AT =
[d]eAT’

pPT = U [l x[da]if PeV
([d],[d=]) € P’

P —pPlifPcF
CLI/ :(II.

Observe that, by construction, each fixed concept name A has the same inter-
pretation in Z and Z’.
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Claim 2. Let d,d’ € AZ" and let R be a role occurring in 7. Then

1. if ReV, then (d,d') € RZ iff ([d],[d]) e RT";
2. if R € F, then (d,d’) € R* implies ([d], [d']) € R .

For Point 1, assume first that R € V. Let (d,d’) € RZ'. By construction (d,d) e
[d1] x [da], for some ([d1],[ds]) € R7'. Clearly, [d1] = [d] and [dy] = [d']. The
converse direction is by construction. For Point 2, assume R € F and let (d,d’) €
RT' . Then (d,d’) € RT. By construction (|d], [d’]) € R7. Then, using R € F and
the semantics it follows that ([d], [d']) € R .

Claim 3: For all d € AT and C € cl(Cy, T, A): d e CT iff [d] € C7".

The proof is by induction on the structure of C, where the interesting case is
C =3R. If R € V, Claim 3 follows directly from Point 1 of Claim 2. Assume
that R € F. By Point 2 of Claim 2, d € (3R)Z" implies [d] € (3R)7". Conversely,
assume that [d] € (3R)7 . Clearly, we have that ([d],[d]) € R7’, for some
[d'] € A7 . Since R € F, ([d],[d]) € R7 ,i.e. [d] € (3R)7. By Claim 1, d € (3R)T
and using that R € F we obtain that d € (3R)% .

We now prove that Z’ is a model of 7 and A. Indeed, if d € CT \ CF
for some C; C Cy € T, then, by Claim 3, [d] € C’{/ \C’gl which contradicts
the assumption that J’ is a model of 7. Let R T S € 7 and assume that
(d,d) € RT \ ST'. If R and S are varying, by Point 2 of Claim 2 we obtain
that ([d],[d']) € R7 \ S7" in contradiction to J' being a model of 7. If R and
S are fixed, then (d,d’) € RT\ S? in contradiction to Z being a model of T.
Finally, if R is fixed and S varying, by Point 2 of Claim 2, ([d],[d']) € R7  and
Point 1 implies that ([d], [d']) ¢ ST, again a contradiction. These three cases are
exhaustive since our circumscribed knowledge base is role-layered. Therefore, 7’

is a model of 7. That Z' is a model of A follows directly from the construction
of 7'.
Finally, notice that for each A € N¢, AZ ® AT iff AT @A‘T, where ® = C, D.

Consequently, since M C N¢, J' <cp J implies Z' <cp Z. Therefore, Z is not a
model of Circcp(T,.A) and we have derived a contradiction. m]

The single exponential model property just proved implies the following de-
cidability result.

Theorem 4. Satisfiability of concepts relative to circumscribed role-layered DL-
Litel* , KBs without minimized roles is decidable.

Note that we also obtain a NExp " -upper bound for checking concept satisfi-
ability: given Cy and Circcp (7T ,.A) guess a model Z with |AZ| < 27 + |Ind(A)|,
where n is the concept size of Cy and (7, .A) and then check using an NP-oracle
whether 7 is a model of Cy and Circcp(T, A).

6 Open Problems

We briefly discuss some computational problems regarding DLs with circum-
scription that remain open.
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— First note that we have not proved any new results for circumscription pat-

terns with minimized roles. In particular, the decidability and complexity of
circumscribed reasoning in DL-Litey, ;, and DL-Litels , with minimized roles
remains open.

Our concern in this was paper was decidability of reasoning in circumscribed
DLs without the finite model property and/or fixed roles instead of a detailed
complexity analysis. Thus, the complexity of reasoning in circumscribed DL-
Litef, ,, KBs with fixed roles (and without minimized roles), the complexity
of reasoning in circumscribed ALCFZ KBs without fixed and minimized
roles, and the complexity of reasoning in role-layered circumscribed DL-
Liteﬁol KBs without minimized roles remains open. For ALCFZ, we con-
jecture concept satisfiability to be NExpNP-complete. Note that, in this case,
hardness follows from the NExpNP-lower bound for ALC established in [6].
It remains open whether the condition of being role-layered is necessary for
obtaining the finite model property/decidability result for DL—Literool.
Finally, it would be of great interest to extend our results to more expressive
ontology and query languages and, for example, to consider the decidability
and complexity of conjunctive query answering relative to circumscribed KBs.

References

1.

2.

10.

11.

12.

Artale, A., Calvanese, D., Kontchakov, R., Zakharyaschev, M.: The DL-lite family
and relations. J. Artif. Intell. Res (JAIR) 36, 1-69 (2009)

Baader, F., Hollunder, B.: Embedding defaults into terminological knowledge rep-
resentation formalisms. J. Autom. Reasoning 14(1), 149-180 (1995)

Baader, F., McGuiness, D.L., Nardi, D., Patel-Schneider, P.: The Description Logic
Handbook: Theory, implementation and applications. Cambridge University Press
(2003)

Blackburn, P., de Rijke, M., Venema, Y.: Modal Logic. Cambridge Tracts in The-
oretical Computer Science, vol. 53. Cambridge University Press (2001)

Bonatti, P.A.) Faella, M., Sauro, L.: Defeasible inclusions in low-complexity DLs.
J. Artif. Intell. Res (JAIR) 42, 719-764 (2011)

Bonatti, P.A., Lutz, C., Wolter, F.: The complexity of circumscription in DLs. J.
Artif. Intell. Res (JAIR) 35, 717-773 (2009)

Brewka, G.: The logic of inheritance in frame systems. In: Proceedings of the 10th
International Joint Conference on Artificial Intelligence (IJCAI 1987), pp. 483-488.
Morgan Kaufmann (1987)

Cadoli, M., Donini, F., Schaerf, M.: Closed world reasoning in hybrid systems. In:
Proc. of ISMIS 1990, pp. 474-481. Elsevier (1990)

Calvanese, D., De Giacomo, G., Lembo, D., Lenzerini, M., Rosati, R.: DL-Lite:
Tractable description logics for ontologies. In: Proc. of AAAI 2005, pp. 602-607
(2005)

Casini, G., Straccia, U.: Defeasible inheritance-based description logics. J. Artif.
Intell. Res (JAIR) 48, 415-473 (2013)

Donini, F.M., Nardi, D., Rosati, R.: Description logics of minimal knowledge and
negation as failure. ACM Trans. Comput. Log. 3(2), 177-225 (2002)

Eiter, T., lanni, G., Lukasiewicz, T., Schindlauer, R., Tompits, H.: Combining
answer set programming with description logics for the semantic web. Artificial
Intelligence 172(12), 1495-1539 (2008)



124

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

P. Bonatti et al.

Feferman, S., Vaught, R.L.: The first-order properties of algebraic systems. Fun-
damenta Mathematicae 47, 57-103 (1959)

Giordano, L., Gliozzi, V., Olivetti, N., Pozzato, G.L.: Preferential description logics.
In: Dershowitz, N., Voronkov, A. (eds.) LPAR 2007. LNCS (LNAI), vol. 4790, pp.
257-272. Springer, Heidelberg (2007)

Giordano, L., Gliozzi, V., Olivetti, N., Pozzato, G.L.: A non-monotonic description
logic for reasoning about typicality. Artif. Intell. 195, 165-202 (2013)

Gottlob, G., Hernich, A., Kupke, C., Lukasiewicz, T.: Equality-friendly well-
founded semantics and applications to description logics. In: Description Logics
(2012)

Gottlob, G., Hernich, A., Kupke, C., Lukasiewicz, T.: Stable model semantics for
guarded existential rules and description logics. In: Principles of Knowledge Repre-
sentation and Reasoning: Proceedings of the Fourteenth International Conference,
KR 2014, Vienna, Austria, July 20-24 (2014)

Konev, B., Lutz, C., Walther, D., Wolter, F.: Model-theoretic inseparability and
modularity of description logic ontologies. Artif. Intell. 203, 66-103 (2013)
Kontchakov, R., Wolter, F., Zakharyaschev, M.: Logic-based ontology compari-
son and module extraction, with an application to dl-lite. Artif. Intell. 174(15),
1093-1141 (2010)

Motik, B., Rosati, R.: Reconciling description logics and rules. Journal of the ACM
(JACM) 57(5), 30 (2010)

Rector, A.L.: Defaults, context, and knowledge: Alternatives for OWL-indexed
knowledge bases. In: Pacific Symposium on Biocomputing, pp. 226-237. World
Scientific (2004)

Sengupta, K., Krisnadhi, A.A., Hitzler, P.: Local closed world semantics: Grounded
circumscription for OWL. In: Aroyo, L., Welty, C., Alani, H., Taylor, J., Bernstein,
A., Kagal, L., Noy, N., Blomqvist, E. (eds.) ISWC 2011, Part I. LNCS, vol. 7031,
pp. 617-632. Springer, Heidelberg (2011)

Stevens, R., Aranguren, M.E., Wolstencroft, K., Sattler, U., Drummond, N., Hor-
ridge, M., Rector, A.L.: Using OWL to model biological knowledge. International
Journal of Man-Machine Studies 65(7), 583-594 (2007)



	Decidability of Circumscribed Description Logics Revisited
	1
Introduction
	2
Preliminaries
	3
Decidability for DL-LiteboolF
	4
Decidability for ALCFI
	5
Decidability for DL-LiteboolR
	6
Open Problems




