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Abstract

Querying Description Logic knowledge bases has
received great attention in the last years. In such a
problem, the need of coping with incomplete infor-
mation is the distinguishing feature with respect to
guerying databases. Due to this feature, we have to
deal with two conflicting needs: on the one hand,
we would like to query the knowledge base with
sophisticated mechanisms provided by full first-
order logic (FOL); on the other hand, the presence
of incomplete information makes query answer-
ing a much more difficult task than in databases.
In this paper we advocate the use of a nonmono-
tonic epistemic FOL query language as a means
for expressing sophisticated queries over Descrip-
tion Logic knowledge bases. We show that through
a controlled use of the epistemic operator, result-
ing in the language calleBQL-Lite, we are able

to formulate full FOL queries over Description
Logic knowledge bases, while keeping computa-
tional complexity of query answering under con-
trol. In particular, we show thaQL-Lite queries
over DL-Lite knowledge bases are FOL reducible
(i.e., compilable into SQL) and hence can be an-
swered in LOGSPACE through standard database
technologies.
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difficult than in databases. For example, while first-order
logic (FOL) is the basis of any query language (e.g., rela-
tional algebra and SQL) for relational databas@sit is well-
known that answering FOL queries posed to DL knowledge
bases is undecidable More precisely, to the best of our
knowledge, the most expressive class of queries that go be-
yond instance checking, and for which decidability of query
answering has been proved in DLs, is the class of union
of conjunctive queries (UCQ)7; 16. This restriction on
the query language may constitute a serious limitation to
the adoption of DLs technology in information management
tasks, such as those required in Semantic Web applications.

The open-world semantics of DLs, while being essential
for representing incomplete information, may complicate the
task of interpreting the answers by the users, or may call for
the need of reasoning about the incompleteness of the knowl-
edge base. For example, knowing that there are no parents
with only female children, one might become interested in
asking for all parents whose known children are all female.
Note that querying mechanisms such as the one mentioned in
the example go beyond FOL.

To summarize, due to the need of coping with incomplete
information in DL knowledge bases, two conflicting require-
ments arise in querying: on the one hand, we would like to
query the knowledge base with powerful mechanisms that are
able to reason about incompleteness, and on the other hand
we aim at query languages that are both close in expressive
power to FOL, and decidable (and, possibly, tractable).

This paper presents the following contributions. We define
a query language for DL knowledge bases, cali€dl. (see

Querying Description Logic (DL) knowledge bases has re-section 2), based on a variant of the well-known first-order

ceived great attention in the last years. Indeed, the definimodal logic of knowledge/belidfl4; 17; 18. The language

tion of suitable query languages, and the design of query anncorporates a minimal knowledge operakoywhich is used

swering algorithms is arguably one of the crucial issues ing formalize the epistemic state of the knowledge base. Infor-

applying DLs to ontology management and to the Semantignally, the formulaK¢ is read as & is known to hold (by the

Web[9]. knowledge base)”. Using this operator, we are able to pose
Answering queries in DLs must take into account the openqueries that reason about the incompleteness of information

world semantics of such logics, and is therefore much morgepresented by the knowledge base. For instance, a user can

_ ) __express queries that are able to incorporate closed-world rea-
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gregazioni di Imprese in Internet” (TOCALIT). Indeed, query answering can be reduced to validity in FOL.



Lite(Q), we are able to formulate queries that are interestand roles/relations (i.e., binary/n-ary predicates) and the con-
ing both from the expressive power point of view, and fromstants introduced above (i.e., the standard names correspond-
the computational complexity perspective. Querie€@L- ing to A). In EQL, the modal operator is used to formalize
Lite(Q) have atoms that are expressed using a specific queithe epistemic state of the DL KB, according to the minimal
languageQ, calledembedded query languagend enjoy the knowledge semantics (see later). Informally, the fornikila
property that they can be evaluated essentially with the samshould be read asp'‘is known to hold (by the KB)".

data complexity (i.e., measured wrt the size of the ABox only)  |n the following, we use: to denote a constanttto denote
as queries expressedq _ . a tuple of constants; to denote a variable: to denote a tuple
~ We investigate the properties 810L-Lite(Q) for several  of variables, and, + to denote arbitrary formulas, ang to
interesting cases, characterizing the data complexity of querjenote a formula where eagtis replaced by:..

answering (see Section 4). In particular, we consider the A \oriq is a FOL interpretation ovef. An epistemic in-
following cases:SHZQ with simple concept and role ex- o rpretationis a pair £, w, where £ is a (possibly infinite)
pressions as embedded querBER with embedded unions  ge¢ o \worlds, ands is a world in £. We inductively define
of conjunctive queries, PTIME-complete DLs suchtfsn- — hen, 3 sentence (i.e., a closed formulds true in an inter-

SHIQ or L, with simple concept and role expressions asyatation £. w (or. is true inw and E). written £ as
embedded queries, basic DLs suchA&C with epistemic ?%Ilows: w (or, v ) w9

concepts as embedded queries, and highly tractable DLs, suc
as those of th®L-Lite family, with embedded unions ofcon- g o = ¢y =¢, iff ¢ =y

junctive queries. For the latter case, we show that answering E,wk P iff wl P

EQL-Lite(UCQ) is in LOGSPACE, and, notably, can be re- E.wk= ¢ Aoy iff E wl= ¢ andE, w = ¢o
duced to evaluating FOL queries over the ABox, when con- E,wk ¢ iff E,w ¢

sidered as a database. It follows that query processing in this E,wl= Jaap iff F,w = 1" for some constant
setting can be done through standard database technologies. E,wE Ky iff B = w‘ for everyw’ € E

Finally, we briefly discuss (see Section 5) the us&Q1_-
Lite(Q) for introducing the notion of integrity constraints in

DL KBS. Formulas without occurrences 8 are said to bebjec-

tive, since they talk about what is true. Observe that to check
_ _ whetherE, w |= ¢, whereg is an objective formula, we have
2 Epistemic query language to look atw but not atE: we only need the FOL interpre-

. . . _ . tationw. All assertions in the DL KB are indeed objective
In this paper we consider queries over a Description Logic

(DL) knowledge basé4]. We don't focus on any particu- sentences. Instead, formulas where each occurrence of pred-

lar DL. We simply assume that, through the DL, we are ableicates and of the equality is in the scope of Heoperator

to express our knowledge in terms afomic conceptsi.e are said to bsubjective since they talk about what is known
unary predicates, andtomic roles/relationsi.e., binary/n- to be true. Observe that, for a subjective sentence or-

ary predicates. General concepts and roles/relations are buﬂ{3 L}t%lisgarﬁysgtghe&f&ge ':ufhvﬁgr%)ulr;g S)a\ai é?yk\),\(/)rl]( at
:E;?us%k(]:kfhfor?gt?j::réc; eaggwridsslirkl)léh% EI(‘)’LarAdS Yjvguglssgrg?he KB knows. In other words, through subjective sentences

P S ’ b\/e do not query information about the world represented by
knowledge base (KB} formed by a set ofissertions typi-

cally divided into aTBox expressing intensional knowledge the KB, instead, we query the epistemic state of the KB it-
y 0X eXpressing 9€. self. Obviously there are formulas that are neither objective
and anABox expressing extensional knowledge. We assume -~ subjective. For examplgz.P(z) is an objective sen-

again that such assertions can be expressed as FOL sentenge te K (3z.P(x) A—KP(z)) is a subjective sentence, while

(i.e., closed FOL formulas). In other words, DL KBs can be . ) OE Lo
seen as FOL theories (of specific forms). Observe that mos%x'P(x) A —KP(z) is neither objective nor subjective.

DLs fulfill such assumptions: the only notable exceptions are N our setting, among the various epistemic interpretations,
those that include some form of second-order constructs sucke are interested in specific ones that representifre-
as transitive closure or fixpoinid]. tmhal Eglshtemlc_sFatf Iihe [I)LdKB, Il.\le” thle Sgeb'” Wg'fh
As usual, when talking about query answering, w.l.0.g., "¢ as minimal knowledge. iNamely. €a
we interpret DL KBs on interpretations sharing tekame KB (TBOX and .ABOX)’ and letMod(X) be the set of all
infinite countable domaim\, and we assume that our lan- FOL-interpretations that are models bf Then aX-EQL-
guage includes an infinitely countable set of disjoint con-INterpretationis an epistemic interpretatioft, w for which
stants corresponding to elements/f also known astan- £ = Mod(X). A sentence is EQL-logically impliedby %,
dard nameq15]. This allows us to blur the distinction be- WHHeNX =eq ¢, if for everyX-EQL-interpretationt’, w we
tween such constants (which are syntactic objects) and the dl&Ve £, w [= ¢. Observe that for objective formulas such a
ements ofA that they denote (which are semantical objects).definition becomes the standard one, namely= ¢ for all
As a query language, we make use of a variant of the well? € Mod(X), denoted by = ¢. .
known first-order modal logic of knowledge/beligf4; 17; It is worth mentioning some of the most characterizing
15; 17, here calledEQL . The languag&QL is a first-order ~ properties ofEQL.
modal language with equality and with a single modal op-
eratorK, constructed from concepts (i.e., unary predicatesProposition 1 For every DL KB and everyEQL-sentence



¢ we have: of PARENT contains pairs of elements of the fofjohn, x)

Y e K¢ D ¢ or (paul, z) and the interpretation dfemale contains the ele-
Y Eeqt K¢ D KKo mentz.
Y Fea K¢ D K-Ko¢ Suppose now that we want to know who are Kmown

These are the standard S5 axioms of modal logic. The firghales that are ndinownto be parents of a female. This can
one expresses that “what is known is true” (knowledge is acP® expressed by the followingQL -querygs:

curate), and the latter two express that the KB has “completg, (] = KMale(z) A K (3y.PARENT(z, ) A Female(y))

knowledge on what is known and not known”. L ) . .
" It is immediate to verify that the certain answersqgtoover
Proposition 2 For every DL KB and everyEQL-sentence s, gre john and paul, since they are the only known males

¢ we have that: that are not in the answer to the quely.PARENT (z, ) A
b)) }:EQL K¢ or X ):EQL _\K¢ Female(y).

The above propositon tels us that for any sentendee KB ZIPRCSE e I BE L BRI B B0 T o
logically implies either that the sentence is known or that th 9 P

sentence is not known, i.e., we have complete information ot ave no known sibling. This can be expressed by the follow-
what the KB knows. Notably, this is a consequence of thd"d FQL-querygs:

minimal knowledge semantics that we are adopting. gs|z] = Jy.(KPARENT (y, z)) A

Proposition 3 For every DL KBY and every objectivEQL- Vz.(KPARENT (y,2)) = z ==

sentence) we have: It is immediate to verify that the certain answerg;tover:
YEo¢ iff ¥leo Ko arepaul andjane. -

Lo iff 3o Ko : :
. _ Notice that, in anEQL-query, we can apply a form of
The above proposition relates knowledge to FOL 10gi-ciosed world reasoning: for example, in quepy above,
cal implication, and is again a consequence of the minimayne evaluation of-K (3y.PARENT (z, y) A Female(y)) corre-

knowledge semantics. It allows usto give a very concrete i“Sponds to the evaluation 68y.PARENT (z, y) A Female(y)
terpretation to knowledge for objective sentenges known |\ \nder the closed world assumption.

iff it is logically implied, otherwise it is not known.

We are now ready to definéQL-queries: AnEQL-query T
is simply anEQL-formula, possibly an open one. 3 _EQL Lite(Q) )

Let ¢ be anEQL-query with free variableg, where the ~We introduce now the query languag@L-Lite(Q). Such
arity of Zisn > 0, and is called the arity af. We sometimes @ language is a particularly well-behaved fragmenEQL,
use the notatiom[] to make the free variable® explicit. ~ and is parameterized with respect to embedded query
Also we use the notatiog|c] to denoteg? (i.e., the formula languageQ, which again is a subset &QL. Informally,
obtained fromyg by substituting each free occurrence of the EQL-Lite(Q) is the FOL query language with equality whose
variablez; in Z with the constant; in ¢, where obviouslyz ~ &toms are epistemic formulas of the foilky wherep is a
and must have the same arity). Since we are dealing with alfiuéry of Q. Formally,an EQL-Lite(Q) query is a possibly
the models of the KB, as usual, query answering should returRPENEQL-formula built according to the following syntax:

those tuples of constants that makg the query true in every Vo= Ko |z = oo |1 Ahy | ~p | Fzap,
model of the KB: the so-called certain answers. Formally, the , ,
certain answerso a queryy[Z] over a KBY are the set where is a query in the embedded query langu&geWe
- call epistemic atomghe formulasK e occurring in anEQL-
ans(q,X) = {€€ A x -+ x A| ¥ Feqqc]} Lite(Q) query.
Example 4 Consider the DL KBX. constituted by the fol- Observe that irEQL-Lite(Q) we do not allow theK op-
lowing TBox 7 and ABox.A: erator to occur outside of the epistemic atoKig. Indeed,

allowing for occurrences of thK outside such atoms does
. not actually increase the expressive poweEQL-Lite(Q),
{ Female(mary), Female(ann), Female(jane), : o
Male(bob), Male(john), Male(paul), as the following proposition shows.

PARENT (bob, mary), PARENT (bob, ann), Proposition 5 Let EQL-Lite(Q)™ be the extension dfQL-
PARENT (john, paul), PARENT (mary, jane) } Lite(Q) obtained by adding to the abstract syntax féQL-

Lite(Q) formulas the rule) ::= Kxz. Then, for each query
Supl)poigl(;/ve W:ﬂ:_to know the ::‘jet tOf trﬂal;es”tha_t danC())tLhave " € EQL-Lite(Q)*, there exists a query’ € EQL-Lite(Q)
maie children. This cofresponds fo the Toflowing UeYsuch thatk, w = Vi.qZ] = ¢[Z], for every epistemic inter-

a- pretationE, w.

qi[z] = Male(z) A =3y.PARENT (z,y) A Female(y) In fact, anEQL-Lite( Q)™ queryq can be reduced to an equiv-
It is easy to verify that the set of certain answergtoverX. alent EQL-Lite(Q) query¢’ in linear time by simply push-
is empty. In particular, neithgohn nor paul are certain an- ing inward theK operator, stopping in front of the epistemic
swers to the above query, since (due to the open-world semaatoms, and simplifyind{K1 to K¢ and K-K1) to -K1
tics of DLs) there are models &f in which the interpretation whenever possible.

{ Male C —Female }

T
A



EQL-Lite(Q) queries enjoy a very interesting computa- stant not appearing i, still getting a tuple inans(o, X).
tional property: one can decouple the reasoning needed farhus,ans(g, ¥) would be infinite.
answering the epistemic atoms from the reasoning needed for Obviously it is of interest finding simple syntactic condi-
answering the whole query. Formally, [Etbe a DL KB, tions that guarantee range-restrictedness. Here we give just a
andgq[Z] be anEQL-Lite(Q) query overy, whose epistemic trivial one, which is however quite practical in several cases.
atoms areKpy, ..., Kp,,. We denote by, [¥] the FOL  Assume that we can introduce a new concigém in the
guery obtained frony by replacing each epistemic atdfp; DL KB X and assert for each constanbccurring inX the
by a new predicaté?k,, whose arity is the number of free ABox assertionAdom(c). Moreover, let’s require that all
variables ing;. Also we denote byZ, s the FOL interpre-  queries inQ must be of the forrdom (%) A p[Z], whereZ =

tation for the predicateRk,, defined as follows:if the in-  (xy,...,2,) andAdom(Z) = Adom(z1) A --- A Adom(z},).
terpretation domain is\%s» = A; (i) the extension of the Then trivially all queries inQ areX-range-restricted.
predicatesRy,, is RII{(I;? = ans(p;,%). Finally, we denote Now, if we considelEQL-Lite(Q) queries that are both do-

main independent and-range-restricted, then we can effec-
tively use the theorem above to compute the certain answers.
Moreover we can give a computational complexity character-
Theorem 6 LetY be a DL KB,g an EQL-Lite(Q) query over ization of query answering faEQL-Lite(Q) queries.

3, andg,,, andZ, s, the FOL query and the FOL interpreta- et Q be an embedded query languag2 a DL, and

tion defined above. Thems(q, ¥) = eval(q,,,, Zq,)- Cgo pc the data complexity (i.e., the complexity measured in

The theorem above tells us that, in order to compute the cethe size of the ABox only) of query answering firrange-
tain answers of aBQL-Lite(Q) queryg, we can compute the restricted queries o@ over KBsY: expressed iDL.? We
certain answers of querigsof the embedded query language know that evaluating a domain independent FOL query over
Q occurring in the epistemic atoms @fand then evaluate the @ given FOL interpretation is @GSPACE in data complex-
queryq as a FOL query, where we consider such certain anity [1], and, by our assumptions, computing whether a tuple
swers as the extensions of the epistemic atoms. of constants is in the relation correspondmg_ to the extension

The theorem above suggests a procedure to compute célf an epistemic atom, can be donedhy, . in data com-
tain answers |rEQL-LIt€(Q) However, for such a procedure p|EX|ty. Hence, We Immedlat6|y derive the.fOIIOng resulton
to be effective, we need to address two issudsthg exten-  the data complexity of answering domain independentand
sion of the predicate®x,, in the FOL interpretatiorf, s, ~ fange-restricte#QL-Lite(Q) queries, where we denote with
needs to be finite, otherwisg, . would be infinite and the C¢ the class of languages recognized bg/aTuring Ma-
evaluation ofy,,, impossible in practiceiji) sinceA itselfis  chine that uses an oracle@s.

infinite, the evaluation of,,, must not directly deal with\. Theorem 8 Let & be a KB expressed in the DDL,

We start by looking at the second issue first. Such an isé d ¢ a domain independent ari-range-restrictedEQL -
sue has a long tradition in relational databases where indeeé?te(qg) query overy. Then, answering; over ¥ is in
one allows only for FOL queries that are “doma|_n Indepen_LOGSPACECQ=D‘ with respec,t to data complexity, where
dent” [1]. In our context, a FOL query is domain inde- '

: ; ; ; Copr is the data complexity of answering-range-

P:Snpdee(:rt]gefgro?g;hdgﬁ;;ﬁg’;?szrgﬁ?%n% agt,j %r restricted queries o© over KBsY. expressed iDL.
which R, = Rz, for all atomic relationsik,,, we have ~ Example 9 Queries ¢ and g3 in Example 4 are
thateval(q,Z1) = eval(q,Z>). We say that atEQL-Lite(Q) EQL-Lite(Q) queries, whereQ is the language of con-
queryq is domain independeiitits corresponding query,,,  junctive queries (in fact, fogs, Q is the language of atomic
is so. Domain independent FOL queries correspond to reldueries). It is easy to verify that both such queries are
tional algebra queries (i.e., SQL queries) and several syntact@omain independent, and that both aferange-restricted
sufficient conditions have been devised in order to guarantef®r the KB £ given in Example 4. In fact, andgs are
domain independence, see €[], Such syntactic conditions --Tange-restricted for KB expressed (in practice) in any
can be directly translated into syntactic conditionse@L-  Standard DL (indeed, the sets(PARENT(z,y), %) may
Lite(Q) queries. never be infinite). n

As for the other issue, lef be a DL KB andp a query
of the embedded query languagk We say thatp is X- .
range-restrictedf ans(p, ) is afinite set of tuples. By ex- 4 Case studies
tension, anEQL-Lite(Q) query isX-range-restricted if each We discuss now several notable applications of the above re-
of its epistemic atoms involvesX¥rrange-restricted query. In  sults onEQL-Lite(Q) for specific combinations of the DL
fact, the following proposition holds. used to express the KB and of the embedded query language

Proposition 7 Let X be a DL KB andp a ©-range-restricted <. Below, we implicitly refer to domain independeBQL-
query in the embedded query langua@eThenans(p, %) € Lite(Q) queries only.

dom(¥) x - - - x adom(Y). whereadom () is the setofall —5————
adom(X) x x adom () adom(3) 2As usual, when we speak about complexity of query answering,

Constan’FS explicitly appearing E: ] we actually mean the complexity of the associatsmbgnition prob-
Indeed, if a constant not appearingdroccurs inans(o, %),  lem i.e., checking whether a tuple of constants is in the answer to a
then one can substitute such a constant with any other comruery[1].

by eva’l(qFOL[‘fLIQ»Z)_ = {66 Ax-xA 1ys = Aror, [8]}
the result of evaluating,,,, overZ, s.



SHIQ KBs and queries with embedded concept and DL-Lite KBs and queries with embedded unions of con-
role expressions. We consider the case in which KBs are junctive queries. Finally, we study the case in which KBs
specified in the expressive DEHZ Q [11] (or equivalently, are specified using DLs of thBL-Lite family [5; 6] and
DLR [7]), and the embedded query langua@és that of2-  the embedded query langua@efor EQL-Lite(Q) queries is
range restricted’HZ Q concept and role expressions. Note again that of UCQs.

that this case is very significant in practice since it captures The DL-Lite family [5; 6] is a family of DLs specifically

in particular the form of queries supported by the Racer andailored to deal with large amounts of data (i.e., ABoxes).
Pellet system$10; 1§. Indeed, such queries are conjunc- While the expressive power of the DLs in ti.-Lite fam-

tive queries overSHZQ concept and role expressions, in ily is carefully controlled to admit tractable query answering,
which, however, the existential quantification ranges over thesuch DLs are expressive enough to capture the main notions
named individuals in the ABox only. Now it turns out that (though not all, obviously) of both ontologies, and of con-
such queries correspond to conjunctionEeafange-restricted ceptual modeling formalisms used in databases and software
SHIQ concept and role expressions prefixed bylheper-  engineering (i.e., ER and UML class diagrams). Below, for
ator. Since instance checking 8HZQ is coNP-complete simplicity, we denote by)L-Lite any DL that is a member of
with respect to data complexifyL3], by Theorem 8 we get the DL-Lite family.

that in this case answering such queries, as well as every Answering UCQs irDL-Lite is in LOGSPACE with respect
EQL-Lite(Q) query, is in LocSPACEN ”” with respect to data  to data complexity. Moreover, as a result of the tightly con-
complexity. trolled expressive capabilities, we get the following.

Proposition 10 LetY be aDL-Lite KB, and letp be a UCQ

DLR KBs and queries with embedded unions of conjunc-  OVerY- Then,e is X-range-restricted.
tive queries. We consider the case in which KBs are again As a consequence of Theorem 8 and of membership in
specified in an expressive DL liIRLR or ACCQZ, and the  LoGSPACE of the problem of answering UCQs ov&L-
embedded query language is thatbfange-restrictednions  Lite KBs, we get that moving from UCQs QL-Lite(UCQ)
of conjunctive queriefUCQs), i.e., we consider queries does not change the data complexity of the query answering
expressed iEEQL-Lite(UCQ). Notice that the language of problem.
UCQs is currently the most expressive subset of FOL fo
which query answering over KBs in an expressive DL, such, " . . AR .
asDLR, is known to be decidablg7], and in fact coNp-  Lite(UCQ) queries Im DL-Lite is in LOGSPACE with
complete with respect to data complexite]®>. From this respect to data complexity.
characterization, and by applying again Theorem 8, we get In fact we can refine such a result by resorting to the no-
that answering®-range-restrictedsQL-Lite(UCQ) queries tion of FOL-reducibility [6]. Intuitively, FOL-reducibility
over DLR KBs is again in loGSPACEY Y with respect to means that query answering can be reduced to evaluating
data complexity. FOL queries over a finite FOL interpretation corresponding
to the ABox (which we assume contains assertions involv-
ing only atomic concepts and roles/relations) of a DL KB.
PTIME -complete DLs for KBs and queries. Next we  All members of theDL-Lite family enjoy FOL-reducibility
consider the case in which KBs are specified in aNEF  of UCQs[6]. We now show that FOL-reducibility holds also
complete DL, such as Hor8HZQ [13] or ££ [3], and the  for domain independerEQL-Lite(UCQ) queries. Given an
embedded query language is that of X-range-restricted ABox A involving membership assertions on atomic con-

Horn-SHZQ (resp.,£L) concepts and role expressions. In cepts and roles only, we define the interpretatignas fol-
this case, from Theorem 8, we get that answebhtange-  |ows:

restricted EQL-Lite(Q) queries is in PTME (and, in fact
PTime-complete) with respect to data complexity.

Theorem 11 Answering domain independent EQL-

— a’4 = q for each constant,

— A%4 = {a | A(a) € A} for each atomic concept, and
— PT4 ={(a1,a2) | P(a1,as) € A} for each atomic role
Epistemic embedded query languages.In all the cases

above the embedded query Ianguage consists of objective fOT-hen, answering queries in a query |angu@@ontained
mulas. However, this does not need to be the case in genergh EQL) over a KB expressed in a DDL is FOL-reducible
Let us, for example, consider KBs consisting of ABoxes ex-if for every queryq € £ and every TBoxZ expressed in
pressed in the basic DALC and embedded queries consist- D/ there exists a FOL querydc(q) such that for every
ing of concepts and roles expressedé_iﬁCIC_ [8], i.e., ALC ~ ABox A, we have thauns(q, (T,.A)) = eval(rde(q),Z4).
extended with thd operator. Then, since instance checkingObserve that FOL-reducibility is a very meaningful property
in ALCK concept and roles inlLC ABoxes can be done in  from a practical point of view. Indeed, in all such cases in
PSPACE[8], by Theorem 8 we get that, in this case, answerwhich query answering can be reduced to evaluation of a do-
ing EQL-Lite(Q) queries is in PBACE as well. main independent FOL query, then such a query can be ex-
— pressed in relational algebra, i.e., in SQL. Therefore, query
3We have considered herPLR and ALCQZ rather than
SHIOQ, since the data complexity for answering UCQs containing  “It is easy to see that all results for CQ4 %) 6] can be immedi-
transitive roles is still open. ately extended to UCQs.



answering can take full advantage of optimization strategieReferences

provided by current DBMSs (which can be put in charge of[l]
managing ABoxes in secondary storage). As showtbin
6], this property holds for answering of UCQs oJeL.-Lite
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