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Abstract

We identify a general property of concrete domains that is su�cien t
for proving decidability of DLs equipped with them and GCIs. We show
that someuseful concretedomains, such as a temporal one basedon the
Allen relations and a spatial one basedon the RCC-8 relations, have this
property. Then, we present a tableau algorithm for reasoning in DLs
equipped with such concretedomains.

1 In tro duction

In many relevant applications of description logics (DLs) such as the semantic
web and reasoningabout ER and UML diagrams,there is a needfor DLs that
areequipped with both concretedomainsand generalconceptinclusions(GCIs)
[2, 5, 11]. Unfortunately, combining concretedomains with GCIs easily leads
to undecidabilty. For example, it has been shown in [14] that the basic DL
ALC extendedwith GCIs and a concretedomain basedon the natural numbers
and providing for equality and incrementation predicatesis undecidable. More
information can be found in the survey paper [12].

In view of this discouragingresult, it is a natural questionwhether there are
any usefulconcretedomainssuch that, whenusedwith a DL providing for GCIs,
reasoningremainsdecidable.A positive answer to this questionhasbeengiven
in [13] and [10], where two such well-behaved concretedomains are identi�ed:
a temporal one basedon the Allen relations and a numerical one basedon the
rationals and equipped with various unary and binary predicatessuch as \ � ",
\ > 5", and \ 6=". Using an automata-basedapproach, it is shown in [13, 10] that
reasoningin the DLs ALC and SHI Q extendedwith theseconcretedomains
and GCIs is decidableand ExpTime -complete.

The purposeof this paper it to elaborate on the existing decidability results.
Our contribution is two-fold: �rst, instead of focussingon particular concrete
domainsasin previouswork, we identify a general property of concretedomains,



called ! -admissibility, that is su�cien t for proving decidability of DLs equipped
with concretedomainsandGCIs. For de�ning ! -admissibility, weconcentrate on
a particular kind of concretedomainsthat wecall constraint systems. Roughly, a
constraint systemis a concretedomainthat only hasbinary predicates,and these
predicatesare interpreted as jointly exhaustive and pairwise disjoint (JEPD)
relations. We exhibit two exampleconstraint systemsthat are ! -admissible: a
temporal onebasedon the rational line and the Allen relations [1], and a spatial
one basedon the real plane and the RCC8 relations [4, 16]. The proof of ! -
admissibility turns out to be relatively straightforward in the Allen case,but is
somewhatcumbersomefor RCC8.

Second,for the �rst time we develop a tableau algorithm for DLs admitting
both concretedomainsandGCIs. This algorithm is usedto establishdecidability
of ALC equipped with ! -admissibleconcretedomains and GCIs. As state-of-
the-art DL reasonerssuch asFaCT and RACERare basedon tableau algorithms
similar to the onedescribed in this paper [8, 7], we view our algorithm asa �rst
steptowardsan e�cien t implementation of descriptionlogicswith (! -admissible)
concretedomains and GCIs. Our decidability result reproves the decidability
of ALC with GCIs and the Allen relations from [13], and, as a new result,
establishesdecidability of ALC with GCIs and the RCC8 relations asa concrete
domain.

This paper is accompaniedby a technical report containing full proofs [15].

2 Constrain t Systems

We introducea notion of constraint systemthat is intendedto capture standard
constraint systemsbased on a set of jointly-exhaustive and pairwise-disjoint
(JEPD) binary relations.

De�nition 1 (Constrain t System). Let Var be a countably in�nite set of
variablesand Rela �nite set of binary relation symbols. A Rel-constraint is an
expression(v r v0) with v; v0 2 Var and r 2 Rel. A Rel-network is a (�nite or
in�nite) set of Rel-constraints. For N a Rel-network, we useVN to denote the
variables used in N . We say that N is complete if, for all v; v0 2 VN , there
is exactly one constraint (v r v0) 2 N . N is a model of a network N 0 if N is
completeand there is a mapping � : VN 0 ! VN such that (v r v0) 2 N 0 implies
(� (v) r � (v0)) 2 N .

A constraint systemC = hRel; M i consistsof a �nite set of binary relation
symbols Rel and a set M of complete Rel-networks (the models of C). A Rel-
network N is satis�able in C if M contains a model of N .
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Figure 1: The thirteen Allen relations, equality omitted.

Wegivetwo examplesof constraint systems:a constraint systemfor temporal
reasoningbasedon the Allen relations in the rational line, and a constraint
system for spatial reasoningbased on the RCC8 relations in the real plane.
Both constraint systemshave beenextensively studied in the literature.

In arti�cial intelligence,constraint systemsbasedon Allen's interval relations
are a popular tool for the representation of temporal knowledge[1]. Let

Allen= f b; a; m; mi; o; oi; d; di; s; si; f ; � ; = g

denote the thirteen Allen relations. Examples of these relations are given in
Figure 1. As the 
o w of time, we use the rational numbers with the usual
ordering. Let Int � denote the set of all closed intervals [q1; q2] over � with
q1 < q2, i.e., point-in tervals are not admitted. The extensionr

�

of each Allen
relation r is a subsetof Int � � Int � . It is de�ned in terms of the relationships
betweenendpoints in the obvious way, c.f. Figure 1. We de�ne the constraint
systemAllen� = hAllen; M � i by setting M � := f N � g, whereN � is de�ned by
�xing a variable vi 2 Var for every i 2 Int � and setting

N � := f (vi r vj ) j r 2 Allen; i; j 2 Int � and (i; j ) 2 r
�

g:

Whether we usethe rationals or the realsfor de�ning this constraint systemhas
no impact on the satis�abilit y of (�nite and in�nite) constraint networks.

The RCC8 relations describe the possiblerelation betweentwo regionsin a
topological space[16]. In this paper, we usethe standard topology of the real
plane, oneof the most natural topologiesfor spatial reasoning.Let

RCC8= f eq; dc; ec; po; tpp; ntpp; tppi; ntppig

denote the RCC8 relations. Examplesof theserelations are given in Figure 2.
Recall that a topological spaceis a pair T = (U; I ), whereU is a set and I is an



r s r s sr sr

r po s r eqs

srr sr s r s

r ntppi sr ntpp s

r tpp s r tppi sr dc s r ecs

Figure 2: The eight RCC8 relations.

interior operator on U, i.e., for all s; t � U, we have

I(U) = U I(s) � s I (s) \ I (t) = I (s \ t) II (s) = I (s):

As the regions of a topological spaceT = (U; I ), we use the set of non-empty,
regular closedsubsetsof U, where a subset s � U is called regular closed if
CI(s) = s. Given a topological spaceT and a set of regionsUT , we de�ne the
extensionof the RCC8 relations as the following subsetsof UT � UT :

(s; t) 2 dcT i� s \ t = ;
(s; t) 2 ecT i� I (s) \ I (t) = ; ^ s \ t 6= ;
(s; t) 2 poT i� I (s) \ I (t) 6= ; ^ s n t 6= ; ^ t n s 6= ;
(s; t) 2 eqT i� s = t

(s; t) 2 tppT i� s \ t = ; ^ s \ I (t) 6= ;
(s; t) 2 ntppT i� s \ I (t) = ;
(s; t) 2 tppiT i� (t; s) 2 tppT

(s; t) 2 ntppiT i� (t; s) 2 ntppT :

Let T �

2 be the standard topology on
� 2 induced by the Euclideanmetric, and

let RS �

2 be the set of all non-empty regular-closedsubsetsof T �

2 . Intuitiv ely,
regular closednessis required to eliminate sub-dimensionalregionssuch as 0-
dimensionalpoints and 1-dimensionalspikes. We de�ne the constraint system
RCC8�

2 = hRCC8; M �

2 i by setting M �

2 := f N �

2 g, where N �

2 is de�ned by
�xing a variable vs 2 Var for every s 2 RS �

2 and setting

N �

2 := f (vs r vt ) j r 2 RCC8; s; t 2 RS �

2 and (s; t) 2 r T � 2 g:

Prop erties of Constrain t Systems

We will useconstraint systemsas a concretedomain for description logics. To
obtain sound and complete reasoningproceduresfor DLs with such concrete
domains,we require constraint systemto have certain properties.



De�nition 2 (P atchwork Prop ert y, Compactness, ! -admissible). Let
C = hRel; M i be a constraint system. If N is a Rel-network and V � VN , we
write N jV to denotethe network f (v r v0) 2 N j v; v0 2 Vg � N . We say that

� Chasthe patchworkproperty if the following holds: for all �nite, complete,
and satis�able Rel-networks N; M that agreeon their (possibly empty)
intersection (i.e. NVN \ VM = MVN \ VM ), N [ M is satis�able;

� C has the compactnessproperty if the following holds: a Rel-network N
with VN in�nite is satis�able in C if and only if, for every �nite V � VN ,
the network N jV is satis�able in C.

� C is ! -admissibleif satis�abilit y of Rel-networks in C is decidable,and C
hasboth the patchwork property and the compactnessproperty.

Intuitiv ely, the patchwork property ensuresthat satis�able networks (satisfying
someadditional conditions) can be \patc hed" together to a joint network that
is also satis�able. Compactnessensuresthat this even works when patching
together an in�nite number of satis�able networks. Taken together, theseprop-
erties are similar to the property of constraint systemsformulated in [3], where
constraint systemsare combined with linear temporal logic.

In the technical report [15], we prove the following:

Theorem 3. RCC8�

2 and Allen� are ! -admissible.

The proof of compactnessworks by devising a satis�abilit y-preservingtransla-
tion of constraint networks to sets of �rst-order formulas, and then appealing
to compactnessof the latter. In the caseof Allen� , we need�rst-order logic on
structuresh� ; < i , while arbitrary structuresaresu�cien t for RCC8�

2 . The proof
of the patchwork property is relatively straightforward in the caseof Allen� :
given two �nite, satis�able, and completenetworks N and M that agreeon the
overlapping part, we show how models of N and M can be manipulated into
a model of N [ M . The proof of the patchwork property of RCC8�

2 requires
quite somemachinery. We considerRCC8-networks interpreted on topologies
that are inducedby so-calledfork frames,and then usethe standard translation
of RCC8-networks into the model logic S4and repeatedcareful applicationsof a
theoremfrom [6] to establishthe patchwork property. Finally, sincesatis�abilit y
in RCC8�

2 and Allen� is known to be NP -complete[17, 18], we concludethat
theseconstraint systemsare ! -admissible.

3 Syntax and Semantics

We introduce the description logic ALC(C) that allows to de�ne conceptswith
referenceto the constraint systemC. Di�eren t incarnations of ALC(C) are ob-
tained by instantiating it with di�eren t constraint systems.Let C = (Rel; M ) be



a constraint system,and let NC, NR, and NcF be mutually disjoint and countably
in�nite sets of concept names, role names, and concrete features. We assume
that NR has a countably in�nite subset NaF of abstract features. A path is a
sequenceR1 � � � Rkg consistingof roles R1; : : : ; Rk 2 NR and a concretefeature
g 2 NcF. A path R1 � � � Rkg with f R1; : : : ; Rkg � NaF is called feature path. The
set of ALC(C)-conceptsis built accordingto the following syntax rule

C ::= A j : C j C u D j C t D j 9R:C j 8R:C j 9U1; U2:r j 8U1; U2:r

where A rangesover NC, R rangesover NR, r rangesover Rel, and U1; U2 are
either both featurepaths or U1 = Rg1 and U2 = g2 with R 2 NR and g1; g2 2 NcF.
A general concept inclusion axiom (GCI) is an expressionof the form C v D,
whereC and D are concepts.A �nite set of GCIs is called general TBox.

The semantics of ALC(C) is de�ned in terms of interpretations asusual. To
deal with the constraint constructors 9U1; U2:r and 8U1; U2:r , interpretations
comprisea model of C as an additional component: an interpretation I is a
tuple (� I ; �I ; M I ), where� I is a set called the domain, �I is the interpretation
function, and M I 2 M . The interpretation function maps each concept name
C to a subsetCI of � I , each role name R to a subsetRI of � I � � I , each
abstract feature f to a partial function f I from � I to � I , and each concrete
feature g to a partial function gI from � I to the set of variables VM I of M I .
The interpretation function is extendedto arbitrary conceptsin the usual way.
We only treat the constraint constructorsexplicitly:

(9U1; U2:r )I := f d 2 � I j 9x1 2 UI
1 (d); x2 2 UI

2 (d) : (x1 r x2) 2 M I g

(8U1; U2:r )I := f d 2 � I j 8x1 2 UI
1 (d); x2 2 UI

2 (d) : (x1 r x2) 2 M I g

where,for every path U = R1 � � � Rkg and d 2 � I , UI (d) is de�ned as

f x 2 VM I j 9e1; : : : ; ek+1 : d = e1;
(ei ; ei +1 ) 2 RI

i for 1 � i � k; and gI (ek+1 ) = xg:

An interpretation I is a model of a concept C i� C I 6= ; . I is a model of a
TBox T i� it satis�es C I � D I for all GCIs C v D in T . Finally, C is called
satis�able with respect to a TBox T i� there exists a model of C and T .

4 Tableau Algorithm

Before presenting the tableau algorithm for ALC(C), we need someprerequi-
sites. In particular, we assumea certain normal form for conceptsand TBoxes:
negation is only allowed in front of concept names,and the length of paths is
restricted.



A concept is said to be in negation normal form (NNF) if negation occurs
only in front of conceptnames.NNF can be assumedwithout lossof generality:
for every ALC(C)-concept,an eqi-satis�able onein NNF canbecomputedin lin-
ear time. Note that usualNNF transformationsareevenequivalence-preserving,
which cannot be achieved in our case. We assumethat the constraint system
C has an equality predicate \=", i.e., = 2 Rel such that, for all M 2 M and
v 2 VM , we have (v = v) 2 M .

Lemma 4 (NNF Conversion). Exhaustiveapplication of the following rewrite
rules translatesALC(C)-concepts to eqi-satis�able onesin NNF. The number of
rule applications is linear in the length of the original concept.

:: C ; C : (C u D) ; : C t : D : (C t D) ; : C u : D

: (9R:C) ; (8R:: C) : (8R:C) ; (9R:: C)

: (8U1; U2:r ) ; t
r 02 Rel;r 06= r

9U1; U2:r 0

: (9u1; u2:r ) ; t
r 02 Rel;r 06= r

8u1; u2:r 0 where u1; u2 are feature paths

: (9Rg1; g2:r ) ; (8Rg� ; g2: =) u t
r 02 Rel;r 06= r

8R:(8g1; g� :r 0)

where R 2 NrR and g� is a freshconcrete feature

By nnf(C), wedenotethe result of converting C into NNF using the aboverules.

Moreover, an ALC(C)-conceptC is in path normal form (PNF) i� it is in NNF
and for all subconcepts9U1; U2:r and 8U1; U2:r of C, the length of both U1 and
U2 is at most two, and at least one of them is a concretefeature. An ALC(C)-
TBox T is in path normal form i� all conceptsin T are in PNF. Path normal
form was �rst consideredin [13, 10]. The following lemma shows that we can
w.l.o.g. assumeALC(C)-conceptsand TBoxesto be in PNF.

Lemma 5. Satis�ability of ALC(C)-conceptsw.r.t. TBoxescan be polynomially
reduced to satis�ability of ALC(C)-concepts in PNF w.r.t. TBoxes in PNF.

Pro of. Let C be an ALC(C)-concept. For every feature path u = f 1 � � � f ng
used in C, we assumethat [g]; [f ng]; : : : ; [f 1 � � � f ng] are concrete features not
used in C. We inductively de�ne a mapping � from feature paths u in C to
conceptsas follows:

� (g) = > � (f u) = (9f [u]; [f u]: =) u 9f :� (u)

For every ALC(C)-conceptC, a corresponding concept� (C) is obtained by

� �rst replacing all subconcepts8u1; u2:r , where ui = f (i )
1 � � � f (i )

k i
gi for i 2

f 1; 2g, with

8f (1)
1 : � � � 8f (1)

k1
:8g1; g1:r6= t 8f (2)

1 : � � � 8f (2)
k2

:8g2; g2:r6= t 9u1; u2:r

wherer6= 2 Reln f = g is arbitrary, but �xed;



� and then replacing all subconcepts9u1; u2:r with 9[u1]; [u2]:r u � (u1) u
� (u2).

We extend the mapping � to TBoxesin the obvious way: replaceeach GCI C v
D with � (C) v � (D). To convert a conceptto PNF, wemay �rst convert to NNF
and then apply the above translation � . It is easilyveri�ed that (un)satis�abilit y
is preserved, and that the translation can be donein polynomial time. o

In what follows, we generallyassumethat all conceptsand TBoxesare in path
normal form. Moreover, we require that constraint systemsare ! -admissible
(c.f. De�nition 2).

Let C0 be a concept and T a TBox such that satis�abilit y of C0 w.r.t. T
is to be decided. We de�ne the set of subconceptssub(C0; T ) = sub(C0) [
sub(CT ). The concept form CT is de�ned as CT = u Cv D 2T nnf(: C t D): We
now introducethe data structure underlying the tableau algorithm.

De�nition 6 (Completion system). Let Oa and Oc be disjoint and countably
in�nite sets of abstract and concrete nodes. A completion tree for C0, T is a
�nite, labelled tree T = (Va; Vc; E ; L ) with nodesVa [ Vc, such that Va � Oa,
Vc � Oc, and all nodesfrom Vc are leaves. The tree is labelled as follows:

1. each node a 2 Va is labelled with a subsetL (a) of sub(C0; T ),

2. each edge(a;b) 2 E with a;b 2 Va is labelled with a role name L(a;b)
occurring in C0 or T ;

3. each edge(a;x) 2 E with a 2 Va and x 2 Vc is labelled with a concrete
feature L (a;x) occurring in C0 or T .

A node b 2 Va is an R-successorof a node a 2 Va if (a;b) 2 E and L(a;b) = R,
while an x 2 Vc is a g-successorof a if (a;x) 2 E and L(a;x) = g. The notion
u-successorfor a path u is de�ned in the obvious way. A completion systemfor
C0 and T is a tuple S = (T; N ) where T = (Va; Vc; E ; L ) is a completion tree
for C0 and T and N is a Rel-network with VN = Vc.

To decide the satis�abilit y of C0 w.r.t. T (both in PNF), the tableau algo-
rithm is started with the initial completion systemSC0 = (TC0 ; ; ), whereTC0 =
(f a0g; ; ; ; ; f a0 7! f C0gg). The algorithm appliescompletionrulesto the comple-
tion systemuntil an obvious inconsistency(clash) is detectedor no completion
rule is applicable anymore. Before we de�ne the completion rules for ALC(C),
we introducean operation that is usedby completion rules to add new nodesto
completion trees.

De�nition 7 ( � Op eration). An abstract or concrete node is called fresh
w.r.t. a completion tree T if it does not appear in T. Let S = (T; N ) be a
completion systemwith T = (Va; Vc; E ; L ). We usethe following operations:



� S � aRb (a 2 Va, b 2 Oa fresh in T, R 2 NR) yields a completion system
obtained from S in the following way: if R =2 NaF or R 2 NaF and a hasno
R-successors,then add b to Va, (a;b) to E and set L (a;b) = R, L (b) = ; ;
if R 2 NaF and there is a c 2 Va such that (a;c) 2 E and L(a;c) = R then
renamec in T with b.

� S � agx (a 2 Va, x 2 Oc fresh in T, g 2 NcF) yields a completion system
obtained from S in the following way: if a hasno g-successors,then add x
to Vc, (a;x) to E and setL (a;x) = g; if a hasa g-successory, then rename
y in T and N with x.

Let u = R1 � � � Rng be a path. With S � aux, wherea 2 Va and x 2 Oc is fresh
in T, we denotethe completionsystemobtained from S by taking distinct nodes
b1; :::; bn 2 Oa which are fresh in T and setting

S0 := S � aR1b1 � � � � � bn� 1Rnbn � bngx

To ensuretermination of the tableaualgorithm, weneeda mechanismfor detect-
ing cyclic expansions,commonly called blocking. Informally, we detect nodesin
the completion tree \similar" to previously createdonesand \blo ck" them, i.e.,
apply no morecompletionrules to such nodes. To de�ne the blocking condition,
we needa coupleof notions. For a 2 Va, de�ne:

cs(a) := f g 2 NcF j a hasa g-successorg

N (a) := f (g r g0) j there are x; y 2 Vc such that x is a g-successorof a,
y is a g0-successorif a, and (x r y) 2 N g

N 0(a) := f (x r y) j there exist g; g0 2 cs(a) s.t. x is a g-successorof a,
y is a g0-successorif a, and (x r y) 2 N g

A completion of a Rel-network N is a satis�able and completeRel-network N 0

such that VN = VN 0 and N � N 0.

De�nition 8 (Blo cking). Let S = (T; N ) bea completionsystemfor a concept
C0 and a TBox T with T = (Va; Vc; E ; L ). Let a;b 2 Va. We say that a 2 Va is
potentially blocked by b if b is an ancestorof a in T, L (a) � L (b), and cs(a) =
cs(b). Then, a is directly blocked by b if a is potentially blocked by b, N (a) and
N (b) are complete, and N (a) = N (b). Finally, a is blocked if it or one of its
ancestorsis directly blocked.

We are now ready to de�ne the completion rules, which are given in Figure 3.
All rules except Rnet and Rnet0 are rather standard. The purpose of these
additional rules is to resolve potential blocking situations into actual blocking
situations or non-blocking situations by completing the parts of the network N
that correspond to the \blo cked" and \blo cking" node. To ensurean appropriate



Ru if C1 u C2 2 L(a), a is not blocked, and f C1; C2g 6� L (a),
then set L (a) := L (a) [ f C1; C2g

Rt if C1 t C2 2 L(a), a is not blocked, and f C1; C2g \ L (a) = ; ,
then set L (a) := L (a) [ f Cg for someC 2 f C1; C2g

R9 if 9R:C 2 L(a), a is not blocked, and there is no R-successorof a such that C 2 L(b),
then set S := S � aRb for a fresh b 2 Oa and L(b) := L (b) [ f Cg

R8 if 8R:C 2 L(a), a is not blocked, and b is an R-successorof a such that C 62L(b),
then set L (b) := L (b) [ f Cg

R9c if 9U1; U2:r 2 L (a), a is not blocked, and there exist no x1; x2 2 Vc such that x i is
a Ui -successorof a for i = 1; 2 and (x1 r x2) 2 N then set S := (S � aU1x1 � aU2x2)
with x1; x2 2 Oc fresh and N := N [ f (x1 r x2)g

R8c if 8U1; U2:r 2 L (a), a is not blocked, and there are x1; x2 2 Vc such that x i is
a Ui -successorof a for i = 1; 2 and (x1 r x2) 62N , then set N := N [ f (x1 r x2)g

Rnet if a is potentially blocked by b and N (a) is not complete, then non-deterministically
guessa completion N 0 of N 0(a) and set N := N [ N 0

Rnet0 if a is potentially blocked by b and N (b) is not complete, then non-deterministically
guessa completion N 0 of N 0(b) and set N := N [ N 0

Rgci if CT 62L(a), then set L (a) := L (a) [ f CT g

Figure 3: The Completion Rules.

interplay betweenRnet/ Rnet0 and the blocking condition, and thus to guarantee
termination, we apply theserules with highest precedence.

Note that the blocking mechanism obtained in this way is dynamic in the
sensethat blocking situations can be broken again after they have beenestab-
lished. Also note that the conditions L (a) � L (b) and cs(a) = cs(b) can be
viewed as a re�nement of pairwise blocking as known from [9]: due to path
normal form, pairwise blocking is a strictly sharper condition than thesetwo.

The algorithm appliescompletion rules until no more rules are applicableor
a clash is encountered.

De�nition 9 (Clash). Let S = (T; N ) be a completion systemfor a concept
C and a TBox T with T = (Va; Va; E ; L ). S is said to contain a clash i� there
is an a 2 Va and an A 2 NC such that f A; : Ag � L (a), or N is not satis�able
in C.

The tableau algorithm checks for clashesbeforeeach rule application return-
ing \unsatis�able" if a clashis detected. It returns \satis�able" if it succeedsin
�nding a clash-freecompletion systemto which no rule is applicable.

Note that checking for clashesbeforeany rule application ensuresthat Rnet
and Rnet0 are well-de�ned: if Rnet is applied, then there indeed exists a com-
pletion N 0 of N (a) to be guessed:due to clash checking, the network N is
satis�able, and it is readily checked that this implies the existenceof the re-



quired completion. Moreover, checking if N is satis�able is decidablesinceC is
an ! -admissibleconstraint system.

In [15], it is proved that this algorithm terminates on any input, and that
it is sound and complete. The ! -admissibilty of C plays a crucial role in the
soundnessproof. Let S = (T; N ) be a completion system obtained after a
successfulrun of the algorithm for the input ALC(C)-conceptC0 and TBox T .
The abstract and concretepart of a model of C0 and T are built by \patc hing
together" copiesof (parts of) T and N , respectively. The patchwork property of
C ensuresthat \patc hing together" two copiesof N yields a satis�able network
if N is satis�able. Compactnessensuresthe samefor the caseof in�nitely many
copies.The latter is neededsinceALC(C) lacks �nite model property.

Theorem 10. If C is an ! -admissibleconstraint system,the tableau algorithm
decidessatis�ability of ALC(C) conceptsw.r.t. general TBoxes.

5 Conclusion

We have proved decidability of ALC with ! -admissibleconstraint systemsand
GCIs. Concerningcomputational complexity, we conjecturethat an integration
of the techniquesfrom the current paper with thosefrom [13, 10] allows to prove
ExpTime -completenessof satis�abilit y in ALC(C) provided that satis�abilit y
in C can be decided in ExpTime . Various languageextensions,both on the
logical and concreteside,should alsobe possiblein a straightforward way.

An additional contribution of the current paper is the exhibition of the �rst
tableaualgorithm for DLs with concretedomainsandGCIs in which the concrete
domainconstructorsarenot limited to concretefeatures.Weview this algorithm
as a �rst step towards an implementation, although there is clearly room for
improvements: the rules Rnet and Rnet0 add considerablenon-determinism,
clashchecking involvesthe wholenetwork N rather than only a local part of it,
and blocking can be further re�ned. We believe that, in general,getting rid of
the additional non-determinismintroducedby Rnet and Rnet0 is di�cult. Still,
it seemspossibleto identify restrictions on the number of concretefeaturesand
the structures of paths allowed inside the concrete domain constructors that
allow for more well-behaved tableau algorithms.
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