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Abstract

Wereport about somepreliminary issuesfrom the DFG project \Description Log-
ics and Spatial Reasoning" (\DLS", DFG Grant NE 279/8-1), one of whosegoals
is to dewelop a prototypical deductive hybrid Geographic Information System
(GIS) with a DL-componert. In this paper we discussthe multi-dimensionality
of the spaceof designdecisionsfrom a software engineeringperspective. In order
to support appropriate represeration of spatial and thematic aspectsand, consid-
ering the di erent aspects of the geographicdata, querying the GIS in a uniform

way, we are dewveloping a hybrid represeriation and reasoning framework, o er-

ing support for di erent description languages(not necessarilybeing description
logics). In order to be applicable to a wide range of represertation and reasoning
tasks, the exploited description languagesare not xed, but exchangeable. The
paper sketches our vision of a deductive GIS and we evaluate how standard de-
scription logic systemscan be of value in this setting. We alsointro ducea classof
spatio-thematic conjunctive queries which is useful in our setting here and argue
that query satis abilit y and cortainment are decidable.

1 Intro duction

As part of the \DLS" project (\Description Logics and Spatial Reasoning"”, DFG
Grant NE 279/8-1) we are deweloping an experimental prototypical deductive Geo-
graphic Information System (GIS). One of the principal goals of the the project is
to exploit \DL technology", even though other techniques might be suitable as well,
especially from the \Logic Programming" or database(especially OODB) realm. The
plan of this paper is, onethe onehand, to intro ducethe project to the public, to sketch
the vision of a deductive GIS and report about the preliminary prototype and its prag-
matic solutions (in terms of a progressreport), and on the other hand, to explore the
multi-dimensionality of the space of designdecisions of this endearor and to evaluate
how standard description logic systemscan be of value in this setting. In order to ex-
ploit the DL systemRACER ([4]) for the system'sreasoningtasks, we are developing
a software framework which will alsobe suitable for similar hybrid represenation and
reasoningtasks; e.g. the represenation of large amounts of semi-structured data as
will be found in forthcoming semartic web applications ([2]).



We will show that our systemwill haveto handlelarge amournts of heterogeneouslata,
in principal spmatial and thematic data. In order to support appropriate represeration
of (and reasoningwith) the various di erent aspects of the data in a uniform way, it
will turn out that we needan additional layer of software on top of, or in combination
with, a DL ABox (pleaserefer to [1] in caseany of theseterms is not familiar). We
will call this layer a substate layer; in combination with a RACER ABox we call it a
RACER substate.

In our GIS application the data baseconsistsof a digital vector map of the city of
Hamburg. This map can be seenas semi-structured collection of instancesof spatial
data types, e.g. polygons, lines, symbols, points, and aggregatesof these. We will
call these objects map objects or geographic objects. Map objects are annotated with
thematic information. For example, in caseof a map object of type lake, which is a
polygon, we have

Thematic aspects: its name as given in the map, its water quality, the amount of
water cortained within it, a referenceto its owner (if it is owned at all), etc., as
well as

Spatial aspects: its concrete geometric description, e.g. the polygon of the lake,
uniquely represeting its geometric attributes, as well as probably additional
explicitly stored qualitative spatial relationships. Sincethesecan always be com-
puted from the geometry of the objects, these explicitly stored edgesmight be
seenas an index (a special \materialized view"), supporting fast navigation
through the data. Howewer, in combination with this qualitativ e index, we also
usea true spatial index, similarly to the onesfound in convertional GIS (bucket
and R-tree structures).

The objects have multi-modal / hybrid avor. We usethe following terminology: a
thematic concept refers only to thematic aspects, similarly a spatial concept solely
to spatial aspects, whereasa smatio-thematic concept refersto both. We alsotalk of
thematic, spatial and spatio-thematic queries A strict separation might be di cult
sometimes.

In our software framework reasoningworks on so-called substiates. A substrate
o ers uniform protocols and reasoningservicesin a avor similar to a DL system. As
it turns out, a substrate is a quite generalnotion:

De nition 1 A substate is an edge-and vertex-labeleddirected graph (V;E;Lv;LEg),
with V being the set of substiate nodes and E being a set of substate edges. The
vertex labeling function Ly : V! Ly mapsverticesto descriptionsin an appropriate
vertex description languagel v, and likewisefor Lg : E! Lg, whereLg is an edge
description language.

The languagesLy and Lg are not xed and can be seenas subsetsof predicate logic
(in appropriate syntax). The framework provides software infrastructure for various
represemation and reasoningtasks, including query processingin a uniform way (see
below), in forms of genericprotocols and classes.We make heavy use of inheritance
to derive specializations of substratesand/or description languages.



Figure 1: ScreenShot of the \Map Viewer" Componert of the GIS Prototype

In order to represen the spatial aspects of a geographicmap, we useinheritance to
get a geometric substate. In this specializedsubstrate, the nodeswould be instances
of spatial data types (polygonsand the like). Additionally, a spatial index would be
usedto support spatial selectionoperations. The languages Ly and Lg would be
(variable free) ground terms; in fact, the geometric substrate is just a re-
lational structure; neither disjunctions, variables nor complex descriptions
are present. It should be noted that a DL system (equipped with ABox support)
with an appropriate spatial concrete domain could also be used as a represertation
device for the concrete geometry of the map, but none of the DL reasonerswe know
of o ers yet the ability to de ne new concrete domains, especially not the oneswe
would nd useful in this scenario. Despite this we believe that the performancein
our application scenariowould not be very good, since handling of a spatial concrete
domain would need spatial index structures and the like, and it is unlikely that a
genericDL systemwill o er theseservicessu cien tly performant.

Alternativ ely, we could decide not to represen the geometry of the map at all,
but just exhaustively represett certain selectedqualitative spatial aspects of the map,
using a prede ned qualitativ e spatial description vocabulary. In this casea DL ABox
would su ce. But still it would be a pity to throw the geometry of the map away.
Neverthelesswe performed sudh an experiment with RACER sincewe also wanted to
evaluate how good a systemlike RACER performson the resulting very large ABoxes,
containing only very simple relational descriptions (seebelow).



Without doubt, aRACER ABox will be ne to represen the thematic aspects of the
geographicmap. An ABox might alsobe seen asa special substrate{ L g would bejust
a set of role symbols resp. conjunctions build from them, and similarly for the nodes.
In contrast to a geometric substrate, L would be complex formulas, namely concept
expressionsfrom a DL. Ideally, in order to get a map substate as the represeration

medium for the spatial DB, we would like to derive a common sulrlass (using multi-

inheritance) of the classesRACER ABox and geometric substiate and useappropriate
products or combinations of the thematic and spatial description languagesL v hematic

and Lvgeometric: LEthematic @nd LEegeometrric @nd even allow for interaction between
them, but unfortunately RACER is not extendible in this way, and the concrete
domain interface is also not extendible. We can therefore either start implementing

our own spatio-thematic DL-reasoner,or try to get a\ RACER substate" by writing

a \wrapp er class" and use assiation instead of inheritance:

De nition 2 A RACER substate is atriple ((V;E;Lv;Lg); ; ), where
(V;E;Ly;Lg) isasubstrate,and isa RACER ABox. \ " isa partial function such
that :V ! individuals( ) injectively ass@iates some substrate nodeswith ABox
individuals. If a2 V wewrite a =g () to referto its assaiated ABox individual
(if de ned), and given a 2 individual§ ), we usea 2 V to refer to its assaiated
substrate nodea = 1(a) (if de ned).

Finally, a further specialization called map substiate, which is basically a RACER
substrate ((V;E;Lv;Lg); ; ) with (V;E;Lyv;Lg) being a geometric substrate will
be used as the represertation medium for the \spatial DB" of the GIS application.
Note that there might be substrate nodes without assaiated ABox individuals, as
well as ABox individuals without assaiated substrate nodes. A geographic object
canbe seenasa tuple of a spatial object (the substrate node) and a ABox individual.

For what follows, we make the follo wing basic assumptions. Considering
the geometric substrate which is just a relational structure, we exploit a spatial closeal
domain assumption: all spatial objects are explicitly known in this structure and
coincide with V, as well as all their geometric properties from which we can derive
any qualitativ e spatial description (probably re ected in E and Lg). Consideringthe
logical theory of this structure, it is clear that its theory is complete - we therefore
also assumea spatial closal world assumption Pleasenote that this is a consequence
of the closed domain assumption and the assumptionsthat the languagesLy and
Lg are just variable free ground terms; i.e. that the geometric substrate is just a
relational structure. Howewer, theseassumptionsare not hard-wired into the software
framework - it all dependson the languagesLy and Lg. In cortrast to an ABox, we
neither have disjunctiv e information nor can we assertthe pure existenceof spatial
objects in terms of an existential quantor \ 9" within Ly.

Within this framework, we foreseethe following componerts of the deductive GIS:

The extensional component E, which has been described with the notion of a
\spatial DB" or map substiate above (and the operations it provides). Recall
that a closeddomain assumption is exploited for the spatial part, but not for
the ABox part.



The intensional component |, oering intensional reasoning capabilities. This
componert should o er the ability to model ontologies in the avor of DL
TBoxes. The language used to describe the relevant concepts from the ap-
plication domain will be called a spatio-thematic conceptlanguage. The objects
in the databasecan be classi ed resp. realized accordingto the de nitions pro-
vided by the ontology. Subsumption relationships between conceptsshould be
computed, resulting in a subsumptiontaxonomy.

The query component Q, aimedat extracting relevant objects (tuples of data ob-
jects) from E, satisfying certain criteria, posedin terms of a query language.
The query language should allow to referencethe conceptsde ned in the in-
tensional componert as additional vocabulary. Whereasthese queriesrefer to
the extensionalcomponert, other typesof queriesmight addressthe intensional
componert (e.g. to retrieve the set of subconceptsof \public park”, like in DL
systems).

Each of thesecomponerts might useits own language,and ead languagemight refer
to spatial and/or thematic aspects of the geographic objects. We are faced with a
multi-dimensional spaceof designpossibilities here. Which kinds of aspects should be
addressablein ead of the languages,and which spatio-thematic interactions should
be permitted? This question hasto be evaluated more thoroughly in the future.

It seemsthat the closeddomain assumption makes only sensew.r.t. the compo-
nents E and Q. After all one wants to de ne spatio-thematic conceptsin | inde-
pendently of any actual datakase resp. domain. Considerthe spatio-thematic concept
\public park cortaining a lake". We have no doubt that this conceptis satis able
(i.e., we can easily imagine a world wherethere is such a park, withessingthe satis a-
bility of this concept), even if we do not have such an object in our current database,
or have newer seensuch a park. But the same concept would be unsatis able over
a DB with no sud object if we assumea closedworld assumption over a xed DB.
In cortrast, DL systemsusethe open domain assumption as well as the open world
assumption. All standard DL inferenceservicesare basedon theseassumptions. If we
assumethe closedworld assumptionwe will run into problemscomputing satis abilit y
and subsumption relationships within | . These problems have not beensu cien tly
solved yet. In the following we will therefore assumethat the intensional componert
I modelsonly purely thematic aspects of the data, seebelow.

Considering query answering it turns out that, due to the concretenessof the
geometric substrate, query answering w.r.t. the spatial part of the DB will be some
kind of spatial model cheding, in cortrast to query answering in the thematic part.
Howewer, in order to compute query entailment and satis ability (seebelow), we should
alsoresort to the open world assumption, sincethese are really intensional reasoning
tasks.

2 The Data

Basically, we got some digital vector maps from the local governmert of Hamburg
(\Am t far Geoinformation und Vermessungswsen"),asa le in the proprietary \SQD"
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Figure 2: a) RCC8 Relations b) RCC5 Composition Table, DR =4 fEC;DCg,
PP =4et fTPP;NTPPg aka\contained in", PPl =4 fTPPI;NTPPIg aka \con-
tains"

format (from Siemens). The map comprises18.039geometric objects, with 5.418 pri-

mary objects (the non-primary objects are componert objects of the primary ones).
Part of this map is shown in Figure 1, showing the \Map Viewer" componert of our
prototype. Each map object is annotated with a four digit number: the so-calledob-
ject key, describingits thematic aspects. Thesekeyscan be looked up in the so-called
object key dictionary which simply maps these numbersto concept names The dic-
tionary contains conceptnameswithout de nitions, suc as\green area", \meadow",

\public park", \lak €", \public park containing a lake", etc. A few hundred concepts
are present. This is how thematic information is currently handledin commercial GIS.

3 Adding a Simple Ontology

Considering the dictionary, it becomesobvious that no taxonomic structure is mod-
eled, although it is implicitly presert in the \in tuitiv e semarics" of some of the
concept names: a user querying the system for instancesof green.area will not be
supplied with instancesof the sub conceptsmeadow and public_park. Thus,in a rst
step, we model the purely thematic aspects of theseconceptsin a TBox with inclusion
axioms like meadowv greenarea, public_park v green.area, etc. This is not to say
that some concepts might not also have complex thematic descriptions, but we do
not want to go into detail here. Still the resulting TBox is quite simple and even
unfoldable. Basically, ALC su ces for somebasic modeling of thematic aspects, and
RACER evenoers ALCQHI g+ (D ).

Howewer, it should be mentioned that some of the conceptsfrom the dictionary
in fact have a spatio-thematic character, e.g. conceptslike \public park containing a
lake". In this casewe would like to put de nitions like

public_park_containing _a_lake = g4¢¢ public_park u 9contains:| ake;

into the intensional componert | (the ontology) of our system, and we would needa
logic that is aware of the speci ¢ properties of qualitativ e spatial relationships (in the
following we will solely consider spatio-thematic descriptions referring to qualitativ e
spatial relationships). For example,the contains relationship should be interpreted as
a partial strict-order. Thus, independertly of the cortent of the extensional\database
componernt" E, the systemshould infer that the concept



living _area_containing _a_park with _a_lake = 4¢t living_areau
9contains:public_park_containing _a_lake
is actually subsumedby the concept
area_containing _an_area = gef areau 9contains:ar ea;
due to the transitivit y of the contains role, and assumingthat park v area, lake v
areg, living_areav area, etc. Even though we could expressthe transitivit y of the
contains relationship within ALCQHI g+ (D ) (so RACER would actually nd this
subsumption relationship!), most other properties of the qualitativ e spatial relation-
shipswould be lost. Howewer, nothing prevents us from putting de nitions like
public_park_containing _a_lake = 4¢¢ public_park u 9contains:l ake

into a RACER TBox. Surely incompletenessmight arise, which meansthat w.r.t. the
intended semantics of the roles, the TBox might becomeinconsistert without being
noticed, and subsumption relationships might be missing as well.

Despite these problems with completenessin | we could still useits de nitions
(assumingit is unfoldable) as additional vocabulary within queries; e.g.to retrieve all
instances of public_park _containing _a_lake. In this casewe have to ensurethat the
constraints in the ABox are complete, resp. closal, in such a way that the explicitly
present role membership assertionsin the ABox mirror the exact semarics of the
spatial relationships. In caseof the qualitative RCC relationships (seeFigure 2), the
resulting ABox would have to take the form of a complete graph, satisfying the ap-
propriate RCC composition table aswell as someother conditions, like irre exiv eness,
disjointness etc., forming a consistert and complete RCC network. Even though it
is easyto compute such an ABox from the explicit geometry of a map, the resulting
ABox will be very big (seebelaw).

In order to overcome the incompletenessin the intensional componert | if we
simply use ALCQHI g+ (D ), we have proposedto use a languagecalled ALCI rcc
(see[7]) asthe DL for a deductive GIS using qualitativ e spatial RCC relationships.
Howewer, other spatial description logics/ languagesmight be suitable as well.

4 Representing the Data - An Exp eriment With RA CER

We have already sketched above that we can simply \mirror* computed qualitativ e
spatial relationships into a RACER ABox and pose standard DL queries (instance
retrieval queries). To do so, we use our map substrate, and arrange for automatic
mirroring of RCC8 relationship. Since every object is in relation with ewery other
object (including itself, note the EQ relation), wehaveE =V V,andLg :E! Lg
would be Lg =4 TEQ;DC;EC;PO;TPP; TPPI;NTPP;NTPPIg.

Optionally, we can then \close" the generatedABox - for eadh ABox individual
i 2 individual§ ) and eatch RCC role R we simply count the number of R-successors
in the generated ABox and add a role number restriction i : ( R n)u( R n)
to , eectively constraining the llers of the role R to the be presern ones,where
N =gef Jfjj (i;j):R2 gj. This closing of roles is required if we want to have
gueries involving the \ 8"-quantor correctly answered (e.g., retrieve all instances of
living _areau 8EC:: industr ial _area).
Using a smaller map resulting in only 130.321role membership assertions,we tried to



Figure 3: a) Scene,b) correspnding RCC5 net, ¢) edge-reducedrCC5 net

poseinstance retrieval queriesto RACER like
retrieve_conceptinstances(public_park u (9TPPI:laket 9N TPPI :lake)).

RACER 1.6 was unable to answer such queries, apparertly due to the immensesize
of the ABoxes: even the simpler query retrieve_conceptinstances(public park) re-
mained unanswered after more than 2 hours. However, RACER 1.7 processedhese
gueriesnearly instantaneously apparertly dueto additional index structures (personal
communication with Ralf Meller, one of the dewvelopers of RACER).

Neverthelessthe size of the generated ABoxes may becomea serious problem if
bigger maps are considered. The map depictedin Figure 1 givesrise to over 29 million
role membership assertions. By observing that most of the presen relations are of
type D C (disconnected)and that queriesresorting to this spatial relationship do not
appear to be very meaningful, we can remove the D C-assertions,resulting in a much
smaller ABox.

Alternativ ely, instead of precomputing and mirroring the RCC relationships into
an ABox, the geometry of the objects in the geometric substrate could be used to
compute the required spatial relationships on the y while query processingproceeds.
On the one hand, this computation of RCC relationships during query evaluation is
expensive. On the other hand, precomputation of the relations needslots of memory
(and initial preprocessingtime). Howewer, in the caseof RCCS5, a clewer trade-o
can be found. Consider the scenedepicted in 3a. Its corresponding RCC5 network
is depicted in 3b. By exploiting the properties of the RCC5 relationships (especially
PPI PPl ) PPI,DR PPl ) DR),itissucientto precomputeand storeonly the
edgeddepictedin 3c, from which 3b can uniquely be reconstructed. The represenation
is sparse, on the one hand, and frees us from expensive runtime-computations at
guery executiontime, on the other hand. But it seemshat these\representation and
indexing tricks" can only be implemented within the geometric substrate, since the
sourcecode of RACER st not available. In order to avoid the precomputation of these
really big ABoxesand to support more expressie queriesthan RACER currently o ers
(e.g., conjunctive queries), we therefore decide to use a truly hybrid represertation
and query language which we will describe next. We also sketch how a (restricted
form of) reasoningcould work in such a hybrid represeniation system.



5 Hybrid Conjunctiv e Queries

Supposethe compary \Agricultural Products" (AP) islooking for new sub-cortractors:
farmersthat can supply potatoes, corn, and wheat, such that their farm lands are lo-
cated directly adjacert to the compary's factory. We could comeup with a query like
this one:

query(?f armer ;?f actory_area;?cropland; ?potatoland; 2wheatland)
f armer(?f armer ); has_f actory(AP ;?f actory );
owns_f armland(?f armer ;?cropland ); (8grows:cropu 8harvest:high)(?cropland );
owns_f armland(?f armer ; ?potatoeland ); (8gr ows:potatoes: : :)(?potatoeland );
owns_f armland(?f armer ; ?2wheatland ); (8grows:wheat:::)(?wheatland );
(TPPI (?f actory_area;?f actory) _ NTPPI (?f actory area;?f actory));
E C(?f actory_area;?cropland); E C(?f actory_area;?potatoeland);
E C(?f actory_area;?wheatland)

AP is a named ABox individual, represening the compary. The items pre xed
with \?" are variables; ?cropland is a variable ranging over ABox individuals, and
?cropland is automatically bound to its corresponding substrate node (and vice versa).
The systemwill return a set of 5-tuples as answer to this query.

Actually, we de ned the hybrid queriesfor racer substiates; sincea map substiate
is a specialization of a racer substrate, the querieswork on map substratesaswell, but
use special query vocabulary (e.g., the RCC predicatesare only \understood" by the
geometric substrate). Note that the vocabulary usedwithin the hybrid querieshasto
be \matc hed" against the appropriate vocabulary with is used within the substrate
(Lv, Lg, aswell asthe ABox language). We de ne the hybrid conjunctive queriesas
follows:

De nition 3 (Hybrid Conjunctive Queries)Let ((V;E;Lv;Lg); ; ) bearacersub-

individualg ) are pairwise disjoint. Whenewer we use x; we mean the x; from Vs,
and likewiseif we use Xj . If we say u 2 Vg, we mean any of the variables from Vg
(analogouslyfor Vt).

might refer to speci ¢ substrate nodesas well asto ABox individuals. Each vector is
either a substrate vector or an ABox vector; there are no \mixed vectors". If v2 V,
then v 2 individualg§ ) denotesits corresponding ABox individual (if it exists); and
likewise,if v 2 individualg§ ), then v denotesits corresponding substrate node (if it

named x; are bound to ABox individuals, whereasvariables without asterix, e.g x;,
are bound to substiate individuals / nodes

A substiate query conjunct SQC(0) is a sertence of a substiate query language
SQL to be specied by the user, where U is a substrate vector. An ABox query



conjunct AQC (V") is a sertence of an ABox query languageAQL to be speci ed by
the userand/or exploited DL reasoner,where V" is an ABox vector.
Then, a hybrid conjunctive query is an expressionof the form

query(0; V") SQC(U1); SQC2(02) ::: SQChH(Un);
AQC1(Vy);AQC2(V; ) 11 AQC 1w (Vin)s

where the SQC; 2 SQL are substrate query conjuncts, and the AQC; 2 AQL are
ABox query conjungts. The anteceden of the impli%ation is called the body. Addi-
tionally, vars(O) i»1.n Vars(G;) and vars(V" ) i21-m VaS(V; ) (i.e., the query
predicate doesnot mertion variablesthat don't appearin the body of the query).

Considering SQL and AQL in the example given above, AQC (V") is either a role
query conjunct of the form R(x;;x;) or a concept query conjunct of the form C(x;).
Obviously, onecanalsothink of other expressionge.g.: R(X; X )), but this is not the
point here. W.r.t. the SQL, we only used (disjunctions of) binary RCC8 predicates.
In fact, a disjunction of binary RCC8 predicates can be seenas an RCC8 predicate
as well; this makes no problems (seebelown). We can also processarbitrary boolean
formulas build from RCCB8 predicates. Due to the so-called JEPD property of the
fRFC relations, a negation of the form : R(X1; X2) is again equivalernt to a disjunction
S2RCC _Relationships nfRg S+ Basically, the semartics of the queriesis very simple:

De nition 4 (Semartics of Queries) Let DB =4 ((V;E;Lv;Lg); ; ) beamap

there is someinjective sud that foralli2 1:::n;j 2 1:::m:
(V;E;LviLe) F SQi( (G)); F AQj( (V) g

where (a) needsto satisfy: (a) 2V i a2 Vs, (a) 2 individualg ) i a2 Vr,
and (@) = a i a2 individual§ )[ V. That is, we are using the active domain
assumption; variables range over explicitly mentioned objects in V [ individualg ),
and (ABox) individuals / nodesare mapped to themseles. Note that s injective -
therefore, the unique name assumptionfor variablesis assumedtwo di erent variables
can never be bound against the sameobject).

The meaningof | AQC( (V)) is the standard one; E AQC( (V') i
for all models|, whenewr | |, alsol F AQC( (V')), that is, (V)" 2 AQC'.
Since AQC is a sertence from a unknown AQL , we only require that the test is de-
cidable; it will be delegatedto the DL reasoner,e.g. RACER. The same applies to
(V;E;Lv;Lg) F SQC( (0O)). For example, simple model chedking might be enough
in somecircumstances(e.g., if the substrate usesonly ground terms). In the frame-
work, it is completely left openfor the application to de ne satisfactionin | , i.e. when
I F SQC( (U)) holds. All what matters is that the test should be decidable.

Suppose SQL is given by all boolean formulas which can be build from the set of
RCC8 baserelations over a set of variables, like in the example query above. We can
then state that



Prop osition 1 Satis abilit y of spatio-thematic queriesis decidable.

The proof is more or lesstrivial, sincethere is (yet) no interaction betweenthe two
languagesAQL and SQL. First we collect all substrate query conjuncts SQC; and
ched for their satis abilit y. In caseSQL comprisesonly descriptions of RCC net-
works, we simply construct the RCC network asspeci ed by the SQC;'s and ched for
its consistency In casethe SQC;'s refersto individuals, we can of courseonly chedk
satis abilit y w.r.t. a given substrate; in this casewe simple look-up the relationships.
For AQL , we just build an ABox, one individual for ead variable; in casean AQC
refersto an ABox individual, we just copy the relevant parts from the referred ABox
(its connectedcomponen). In casewe have AQCi's using disjunctions, we perform
caseanalysis over the disjuncts (resulting in evertually exponertially many ABoxes).

In casewe have an AQC; like: R(x ;y ) weaddfy :;x :8R:: g to the ABox

to ched, Where is a new conceptname. Finally, we chedk ead of the constructed
ABoxesfor satis abilit y. The only problemsthat might arisecomefrom the possibility
to refer to individuals from , but they canbe xed (the only problematic constructs
might be number restrictions).

Prop osition 2 Query corntainment of spatio-thematic queriesis decidable.

For example, the systemwill deducethat the query

query(?germany; ?city ; ?sea)
germany(?germany );f ederal _division (?division );german_city (?city );
(baltic _seet north _sea)(?sea );
PP1 (?germany; 2division); PP (?division; ?city); D C(?division; ?sea)

entails the query
query(?country; ?city ; 2ocean
country(?country ); city (?city );ocear(?ocean);
D C(?ocean;?city); PP I (?country; ?city)

To seethis, considerthe textual substitution ?country  ?germany;?ocean 7?seaap-
plied to the latter query. Assumethat germany F country, (baltic seet north sea) F
oceandueto areasonableontology, and (PP (?division; ?city ) D C(?division; ?sea))
F DC(?city; ?sea), DC(?city; ?sea) F D C(?sea;?city), (PPI (?germany; ?division )*
PPI (?division; ?city)) F PPI (?germany; ?city) simply by the semariics of the RCC
relationships.

Proof Sketch: Given two queries A and B, we rst ched whether their query
head predicates have the samearity; if so, we renamethe variables referencedin B's
guery-predicate in such a way to match A's query-predicate. Individuals cannot be
renamed; if there is a naming clash, the answer to the query containment problem
is already \No". Otherwise, ched for the un-satis abilit y of A~ \:B % Collect all
SQCi's from A, and all SQC;'s from B. Then test, for eadn SQC; from B, if adding
its negation: SQC; to A's SQC's yields an unsatis able RCC network. If not, return
\No". Otherwise proceedby applying the analoguetest (adding B's negated AQC;'s
to the AQC's of A) and ched for ABox satis abilit y using the translation sketched



above. If any of the ABoxesis satis able, return \No", otherwise\Y es". More detailed
proofs can be found in a forthcoming report.

As a nal example,supposethat A =qef query(?x )  (9R:C)(?x ), and B = get
query(?x ) R(?x ;?y );C(?y ). Pleasenote that, due to the given semariics,
A 6j B, but B F A.

6 Conclusion

We have reported about work carried out in the context of the \DLS" project and
have argued that a lot of interesting things can be done in a setting as ours with a
DL system, but it is not trivial to get a working hybrid system. DLs are no silver
bullet for deductive information systems. In order to get a working hybrid infor-
mation system, appropriate combinations of techniques will be needed,cortrol over
application-dependert index structures (see also [6]), appropriate classesof queries
and query answering strategies, etc. The spaceof designdecisionsis very large. We
claim that applications in the context of the future semartic web, will need similar
hybrid represetiation and reasoningtechniquesin order to perform su cien tly good.
Eventually, we plan to augmert the systemwith non-recursive DATALOG clauses(see
also[3], [9]), either in the extensionalcomponert, or solely in the query componert.
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