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ARTICLE INFO ABSTRACT

Available online 11 April 2015 We introduce a Horn description logic called Horn-DL, which is strictly and essentially richer than
Horn-Reg', Horn-SHZ Q and Horn-SROZ Q, while still has PTime data complexity. In comparison
with Horn-SROZ Q, Horn-DL additionally allows the universal role and assertions of the form

Keywords:
De}::ription logics irreflexive(s), -s(a, b), a # b. More importantly, in contrast to all the well-known Horn fragments
Semantic Web &L, DL-Lite, DLP, Horn-SHZ Q, and Horn-SROZ Q of description logics, Horn-DL allows a form of
Rule-based languages the concept constructor “universal restriction” to appear at the left hand side of terminological in-
Horn fragments clusion axioms. Namely, a universal restriction can be used in such places in conjunction with the
Horn-DL corresponding existential restriction. We develop the first algorithm with PTime data complexity
for checking satisfiability of Horn-DL knowledge bases.
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1. Introduction

The Semantic Web is a rapidly growing research area that has received lots of attention in the last decade (e.g.,[39,13,14,36,1,31]).
One of the layers of the Semantic Web is OWL (Web Ontology Language). The first version of OWL is based on the description logic
SHZ Q, the second version OWL 2, recommended by W3Cin 2009, is based on the description logicSROZ Q[17]. These logics are high-
ly expressive but have intractable combined complexity (ExpTime-complete and N2ExpTime-complete, respectively) and data com-
plexity (NP-hard) for basic reasoning problems. Thus, W3C also recommended profiles OWL 2 EL, OWL 2 QL and OWL 2 RL, which are
restricted sublanguages of OWL 2 Full with PTime data complexity.’

Description logics (DLs) are formal languages suitable for representing terminological knowledge. They are of particular impor-
tance in providing a logical formalism for ontologies and the Semantic Web. DLs represent the domain of interest in terms of concepts,
individuals, and roles. A concept is interpreted as a set of individuals, while a role is interpreted as a binary relation among individuals.
A knowledge base in a DL consists of axioms about roles (grouped into an RBox), terminology axioms (grouped into a TBox), and as-
sertions about individuals (grouped into an ABox). A DL is usually specified by: i) a set of constructors that allow building complex
concepts and complex roles from concept names, role names and individual names and ii) allowed forms of axioms and assertions.
The basic DL ALC allows basic concept constructors listed in Table 1, but does not allow role constructors nor role axioms. The
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Table 1
Concept constructors for . A£C and some additional constructors/features of other DLs.

Concept constructors of ALC

Constructor Syntax Example
Complement -C - Male
Intersection cnD Human 1 Male
Union cnbD Doctor LI Lawyer
Existential restriction ar.C JhasChild.Male
Universal restriction vVr.C VhasChild.Female

Additional constructors/features of other DLs

Constructor/feature Syntax Example

Inverse roles (7) r hasChild™ (i.e., hasParent)

Qualified number >nRC >3hasChild.Male

Restrictions (Q) <nRC <hasParent. T

Nominals (O) {a} {John}

Hierarchies of roles (#) RES hasChild = hasDescendant

fran§itive roles (S) R-RER hasDescendant - hasDescendant = hasDescendant

most common additional features for extending A£C are also listed in Table 1: 7 is a role constructor, @ and O are concept constructors,
while H and S are allowed forms of role axioms.

1.1. Rule languages in description logics

Rule languages in DLs have attracted lots of attention due to their applications to the Semantic Web. The profiles OWL 2 EL, OWL 2
QLand OWL 2 RLof OWL 2 are based on the families of DLs ££[2,3], DL-Lite [5] and DLP [16], which are monotonic rule languages with
PTime data complexity. Such monotonic rule languages are Horn fragments of the corresponding full languages with appropriate re-
strictions adopted to eliminate nondeterminism.

A number of Horn fragments of DLs with PTime data complexity have also been investigated in [18,21,23,37,30,35]. The fragments
Horn-SHZ Q [18] and Horn-SROZQ [35] are notable, with considerable rich sets of allowed constructors and features, where
Horn-SROZQ is richer than Horn-SHZ Q. The combined complexities of Horn fragments of DLs were considered, among others, in
[22]. Some tractable Horn fragments of DLs without ABoxes have also been isolated in [2,4]. Combinations of rule languages like
Datalog or its extensions with DLs have also been studied in a considerable number of works [8,24,26,38,20,25,9,12,6].

To eliminate nondeterminism, all££ [2,3], DL-Lite [5], DLP [ 16],Horn-SHZ @[ 18] and Horn-SROZ Q [35] disallow (any form of) the
universal restriction at the left hand side of = in terminological axioms. The problem is that roles are not required to be serial
(i.e., satisfying the condition V x 3y R(x, y)) and the general Horn fragment of the basic DL ALC that allows V R. C at the left hand
side of = has NP-complete data complexity [30].

In [28] Nguyen introduced the deterministic Horn fragment of ALC, in which the constructor V R. C is allowed at the left hand side
of £ in the combination with 3 R. C (in the form V R. C 1 3 R. C, denoted by V A R. C [4]). He proved that that fragment has PTime data
complexity by providing a bottom-up method for constructing a (logically) least model for a given deterministic positive knowledge
base in the restricted language. In [30] Nguyen applied the method of [28] to regular DL Reg, which extends ALC with regular role
inclusion axioms characterized by finite automata. Let us denote the Horn fragment of Reg that allows the constructor V 3 R. C at
the left hand side of = by Horn-Reg. As not every positive Horn-Reg knowledge base has a (logically) least model, Nguyen [30] pro-
posed to approximate the instance checking problem in Horn-Reg by using weakenings with PTime data complexity.

In [33] we studied a Horn fragment called Horn-Reg' of the regular DL with inverse Reg' and provided an algorithm with PTime
data complexity for checking satisfiability of Horn-Reg' knowledge bases. This fragment extends Horn-Reg with inverse roles. Our
work [33] overcomes the difficulties encountered in [28,30] by using the top-down rather than bottom-up approach, and thus enables
to show that both Horn-Reg and Horn-Reg' have PTime data complexity, solving an open problem of [30].

1.2. Constructivism in defining rules

We now justify the usefulness of the concept constructor V 3R. C. It is related to constructivism in defining rules [30]. Consider the
TBox 7 consisting of the following rules:

ShasChild. T = Parent (1)

VhasChild. Happy = HappyParent (2)

HappyParent = Happy. 3)
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