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Conventional GIS
� “A GIS is acomputersystemcapableof

capturing,storing,analyzing,anddisplaying
geographicallyreferencedinformation;thatis,
dataidenti�ed accordingto location.”

� . . .a few dozenmore
� 4 mainaspects:capturing,representation,

analysis,presentationof spatialdata

� “Digital Maps”with enhancedfunctionalityfor
analyzinggeoreferenceddata(spatialdata!
spatialinformation)

� Applications:decisionsupport,logistics,urban
planning,selection/matchmakingof location
basedservices,. . .
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Conventional GIS (2)
� Representation(storage):spatialdatabase

(offeringspatialdatatypes)
� vectoror rasterdata(or both)
� oftenorganizedby subjectin “layers”
� spatialindex structures(e.g.,R+ -Trees)

� Analysis:SpatialSQLandapplicationprograms:
data! information

� spatialoperators(...WHERE )
� computationof spatialrelationships
� only ef�ciently implementablewith spatial

index structures

� Presentation:(preferablyinteractive)digital maps
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The DISK (Digital City Map)
� Datafrom authoritiesof Hamburg (“Amt für

GeoinformationundVermessung”)

� Two digital c
 vectormapsin SiCAD SQD
format

� Objectsare“classi�ed” accordingto a �x edlist
of categories(“Objektschlüssel-Katalog”):

� 5164) lake,navigable, 4128) meadow ,

2224) park, 2119) living area, . . .
� Taxonomicrelationships(“is-a”) implicitly

present,but notexplicitly modeled) needs
remodeling

� Veryspeci�c categories,not commonsense!
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Aspectsof GeographicData
� Thegeographicworld is rich

� ThematicAspects:GeographicCategory
(ThematicType,Subject,Semantics)

� SpatialAspects:Length,Area,Shape,Spatial
Relationships,. . .

� Feature:GIS-readyabstractionof a real-world
geographicphenomenon

� Datamodelfor geo-dataneeded
� Variousrepresentationspossible(purely

qualitative, topological,geometric,network,
dynamic,. . . )

� Representationshouldbetailoredfor anticipated
tasks
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Aspectsof GeographicData (2)
� Spacehasspeci�c properties

� Instancesof spatialdatatypes(polygonsetc.)
automaticallypreservemany importantspatial
aspectsof therepresentedgeoobject(for
example,apolygonrepresentsbothshapeand
area)! datais concrete

� A mapintrinsically represents(qualitative)spatial
relationships! rich representation

� However, symbolicdescriptionsareneededto
describespatialconceptsin anontology

� Spatiallyunderspeci�eddescriptions:“A houseat
a lake”

� Reasoningwith spatialconcepts?
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Spatial and Thematic Concepts
� Thematicallyunderspeci�edinformation

� Polygon123 is a lakeor apark
� notaproblemin logic

� Spatiallyunderspeci�edinformation
� Thereis (9) ahouseata lake at a forest
� Whatcanyousayaboutrelationshipbetween

houseandforest?
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Spatial Incompleteness(Lemon)

PSfragreplacements

�
�

x

circler = 10(x) ^ circler = 10(y1) ^ : : : ^ circler = 10(y7)^

EC(x; y1) ^ : : : ^ EC(x; y7)^

(EC(y1; y2) ^ EC(y2; y3))^

(EC(y2; y3) ^ EC(y3; y4)) ^ : : : ^

(EC(y6; y7) ^ EC(y7; y1)) Satis®able?
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PSfragreplacements

�
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y1
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The Vision of a DeductiveGIS

Concrete Geometry

PSfragreplacements

�
�

Startingpoint: adigital vectormap

� Systemmetaphor:wewantaGISsimilar to a
descriptionlogic (DL) system

� ExtensionalcomponentE
� IntensionalcomponentI
� QuerycomponentQ
� Reasoningtasks

) Multi-dimensionalspaceof design-decisions
� DLMAPS framework = allows for �e xible

experiments
� Oneinstantiationof this framework uses

RacerPro
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Simple Spatial Queries:

this area
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The Vision of a DeductiveGIS
Simple Spatial Queries:

this area

Thematic Queries:
retrieve_concept_instances(lake)
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Retrieve all parks that contain a lake
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The Vision of a DeductiveGIS
� Systemmetaphor:wewantaGISsimilar to a
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� ExtensionalcomponentE

� Representationof certainselectedspatio-thematic
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Two Approaches
� Theoretician's / Logician's Approach:

� Top Down
� Designsuitablespatio-thematiclogics
� Veryhard,problemswith decidability
� Longway to gountil wegetaworkingsystem

� Practitioner's / Engineer's Approach:
� BottomUp, useandexploit existing

components
� UseanexistingDL system:RacerPro
� Add expressive querylanguagesuitablefor

ontology-basedspatio-thematicquerying
� More limited but onegetsaworkingsystem

soon
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Ontology-basedDISK Querying
� Ontology:Explicit, formalspeci�cationof a

conceptualization(Gruber)

� Here:ontologyprovides“commonsense”
(mainly thematic)vocabulary

� “Global asView”: theontologycanbeseenas
de�ning viewsover theinformationsources

� Setting1: No geometry, purelysymbolic
representationin aRacerPro ABox!

� Setting2:
� Source1: Thematicannotations! DL ABox
� Source2: Mapgeometry! spatialbox
� Expressive hybrid querylanguageneeded
� Queryexpansion
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Ontology-basedQuerying (2)
� Bene�ts

� Userscanabstractfrom sourcesandschemas
of thesources

� Ontologyis formal ! queriescanbe
reasonedabout(checkingconsistency,
entailment,equivalence)

� Ontologiescancapturetaxonomic(“is-a”)
relationships

� Themappingexpressedby theontologyis
easilyadjustable

) declarativeprogramming,the“ontology
view” on thedatacanbechangedeasily
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SomeDL-Basics:ALC
� SimpleDL, propositionallycomplete

� ALC concepts,de�ned inductively:
� EachC 2 NC is a (atomic)concept
� If C andD areconcepts, R is a roleR 2 NR,

then(C u D), (C t D), (: C), (8R:C),
(9R:C) are(compound)conceptsaswell.

� InterpretationI = (� I ; �I ), Domain(Universe)
� I , Interpretationfunction

� �I (C)� 2� I
;�I (R)� 2� I

� 2� I

� (CuD)I = CI \ D I ;(Ct D )I = CI [ D I ;: CI =� I nCI ,
� (9R:C)I = f d2� I j 9e2� I ((d;e)2RI ;e2CI )g,
� (8R:C)I = f d2� I j 8e2� I ((d;e)2RI ) e2CI )g

DoCoMoEuro-Labs,MichaelWessel– p.14/52
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ALC (2)
� Satis�ability of concepts

� C is satis�ableiff thereexistsinterpretationI
suchthatCI 6= ;

� I is calledmodelof C

� Subsumptionof concepts
� C v D iff CI � D I for all I if f
� C u : D unsatis�able

� Simpleexample
� human u male v human
� human u maleu : human unsatis�able
� human u f emale v f emale
� human u f emale v human t f emale
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Spatial Conceptwith ALC?
� Idea:rolesfor qualitativespatialrelationships

� 8contains:: lake u 9contains:9contains:lake
� Satis�ablein ALC  �
� Speci�c propertiesof spatialrelationshipsnot

captured
� contains shouldbetransitive (required:ALCR + )

� How to handledisj oint � contains ! disj oint?

) specialDLs required
� Not consideredin thefollowing (“Practitioner's

approach”)
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The TBox
� Terminology, providesvocabulary (ontology)

� TBox T = �nite setof axioms(de�nitions)
� C _v D, C _� D

� SimpleTBoxes:nocyclesandC 2 CN
� GeneralTBoxes(RacerPro): C; D arbitrary
� DescriptiveSemantics:I j= T iff

8C v D 2 T :I j= C v D, CI � D I

� TBoxesaffect conceptsatis�ability
� Taxonomy:showsall directsubsumption

relationshipsbetweenconceptnamesfrom T
� “Deducedis-alinks”
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The ABox
� Modelingof aconcretestateof theworld in terms

of individualsandinterrelationships

� ABox A = �nite setof assertions
� Conceptassertion:betty : woman

I j= betty : woman iff bettyI 2 womanI

� Roleassertion:(betty; doris) : has_child
I j= (betty; doris) : has_child if f
(bettyI ; dorisI ) 2 has_childI

� Importantservices
� ABox satis�ability
� Instancechecking:(A ; T ) j= a : C?
� Instanceretrieval:

f a 2 individuals(A ) j (A ; T ) j= a : C g
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ExpressiveDLs
� RacerPro: ALCQH I R + (D� ) (SHI Q(D � 1))

� Q: Quali�ed numberrestrictions,
� 2 has_child:male ( � 2 has_child:f emale)

� H : Rolehierarchies,has_son _v has_child
� I : Inverseroles,has_child _� has_parent� 1

� R + : Transitively closedroles,
tr ansitiv (has_descendant)

� D� : Restrictedconcretedomains
� CD = Concreteuniverse(IN, IR, S, . . . ) +

predicates(= ; � ; � ; : : :)
� Restrictedpredicateexistsoperator:

9(age;body_weight): =
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RepresentingDISK: Setting1
� Remodelingof thematiccategoriesin aTBox

� concept_for_key(2224)= def park
� Additional concepts(“ontology”)

park_with _lake _� park u 9contains:lake

� Representationof themapasanABox A
� For eachmapobjecti with key n, add

i : concept_for_key(n) to A
� ComputequalitativeRCC8relationships:

(i; j ) : EC, (i; k) : TPPI , . . .
) RCC8network in theABox (network is

alwaysconsistent)
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Illustration: DISK ABox
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Querying the DISK (Setting1)
� Ordinaryinstanceretrieval queries:

retrieve(park_with _lake) = f i; : : :g

� Problemswith theapproach:

� n2 sizeof generatedABoxes(29million role
assertionswith DC, 19:880withoutDC)

� Qualitative representationof “spatialdata”in
anABox

� Expressive querieswanted:
query(x; y)  park(x) ^ contains(x; y) ^ lake(y)

� Universalquanti�cation?
retrieve(park u 8contains:lake) = fg (due
to OWA)

� Querynon-qualitativespatialaspects?
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RepresentingDISK: Setting2
� Map substrate:(AB ox;SBox; � )
� ABox representsthematicaspectsof mapobjects
� SBox(SpatialBox): geometryof themap

� Non-symbolicspatialqueryatomspossible
� On-demandcomputationandinspectionof spatial

aspects
� Dedicatedindex structures
� Closedworld reasoningonmaps
� Simplemodelchecking
	 No morereasoningonspatialaspects,but was

incompleteanyway
	 Worksonly for spatial“data”
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Hybrid Queries(Setting2)
� Two sortsof atoms

� ABox atoms:
� Variablesrangeover ABox individuals
� Atomsasin nRQL (seebelow)

� Spatialatoms:
� Variablesrangeover SBoxindividuals
� RCCatoms
� Geometricattributes:area,length,. . .
� Metric relationships:rangequeries,epsilon

queries,. . .

� Variablesareboundin parallel,accordingto
association

DoCoMoEuro-Labs,MichaelWessel– p.24/52



P
S

fr
ag

re
pl

ac
em

en
ts � �

Hybrid Queries(Setting2)
� Two sortsof atoms
� ABox atoms:

� Variablesrangeover ABox individuals
� Atomsasin nRQL (seebelow)

� Spatialatoms:
� Variablesrangeover SBoxindividuals
� RCCatoms
� Geometricattributes:area,length,. . .
� Metric relationships:rangequeries,epsilon

queries,. . .

� Variablesareboundin parallel,accordingto
association

DoCoMoEuro-Labs,MichaelWessel– p.24/52



P
S

fr
ag

re
pl

ac
em

en
ts � �

Hybrid Queries(Setting2)
� Two sortsof atoms
� ABox atoms:

� Variablesrangeover ABox individuals
� Atomsasin nRQL (seebelow)

� Spatialatoms:
� Variablesrangeover SBoxindividuals
� RCCatoms
� Geometricattributes:area,length,. . .
� Metric relationships:rangequeries,epsilon

queries,. . .

� Variablesareboundin parallel,accordingto
association

DoCoMoEuro-Labs,MichaelWessel– p.24/52



P
S

fr
ag

re
pl

ac
em

en
ts � �

Hybrid Queries(Setting2)

max
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PSfragreplacements

�
�

min

max

PSfragreplacements

�
�
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Hybrid Queries(Setting2)
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PSfragreplacements

�
�

?x� =?x areboundin parallel

� Two sortsof atoms
� ABox atoms:

� Variablesrangeover ABox individuals
� Atomsasin nRQL (seebelow)

� Spatialatoms:
� Variablesrangeover SBoxindividuals
� RCCatoms
� Geometricattributes:area,length,. . .
� Metric relationships:rangequeries,epsilon

queries,. . .
� Variablesareboundin parallel,accordingto

association

DoCoMoEuro-Labs,MichaelWessel– p.24/52



P
S

fr
ag

re
pl

ac
em

en
ts � �

Hybrid Queries(2)
� Hybridnesscanbemadetransparent

� “Find acontaminatedlake in aparkin whicha
creek�o wswhichbordersanindustrialarea
containingachemicalplant”

� query(?x; ?y; ?z; ?f )  

industr ial _area(?x); creek(?y); lake_or_pond(?z);

contaminated(?z); chemical_plant(?f ); park(?u);

borders(?y; ?x); f lows_in (?y; ?z); contains(?u; ?z);

contains(?x; ?f )

� Queryrewriting / expansion
� Resultof theexpansion/reformulationprocess:a

hybrid querywhichwecanprocess
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From DLMAPS to nRQL
� . . .DLMAPS queryenginebecamecoreof nRQL engine

� . . .hybrid reprsentationsaddedto RacerPro to faciliate
ªdatarepresentationº

� . . . theSBoxof DLMAPS hasnotbeenincorporated,
insteadtheRCCsubstratehasbeenaddedto supportªRCC
queryatomsº(modelcheckingno longersuf®cent!)

(retrieve (?x (told-value (age ?x)))
(and (?x (and woman (an age)))

(?x ?y has-child)
(?y ?y (constraint

(has-father age)
(has-mother age)
(> age-1 (+ age-2 8)))))

(((?x betty) ((told-value (age ?x)) 45))
((?x diana) ((told-value (age ?x)) 55))

...
)
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nRQL Language– Example

"Betty"

45 20  55

PSfragreplacements

�
�

AbstractDomain

ConcreteDomain

has_child

has_child has_father

has_mother
betty

betty-age
betty-name
= ºBettyº

charles-age
jane-age

= 45
= 20
= 55

charles

jane

ageageagename

?x
?y

� (age1; age2):age2 + 8 < age1

((?x betty) ((age ?x) betty-age))

((?x betty) ((told-value (age ?x)) 45))

Truein all I

(?x (and woman
(an age)))

(?x ?y has-child)

(?y ?y
(constraint

(has-father age)
(has-mother age)

(> age-1
(+ age-2 8))))

(retrieve
(?x
(age ?x)) ...)

(retrieve
(?x
(told-value

(age ?x))) ...)
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((?x betty) ((age ?x) betty-age))

((?x betty) ((told-value (age ?x)) 45))

Truein all I

(?x (and woman
(an age)))

(?x ?y has-child)

(?y ?y
(constraint

(has-father age)
(has-mother age)

(> age-1
(+ age-2 8))))

(retrieve
(?x
(age ?x)) ...)

(retrieve
(?x
(told-value

(age ?x))) ...)
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nRQL Language– Syntax
� Querieshave aheadandabody:

(retrieve <head> <body>)

� Syntaxfor <head>
head := (head_entry � )

head_entry := object j head_projection_operator

object := variable j individual

variable := asymbolbeginningwith ª?º

individual := asymbol

head_projection_operator :=

(cd_attribute object ) j

(told-value (cd_attribute object )) j

(told-value (datatype_property object )) j

(annotations (annotation_property object ))
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nRQL Language– Syntax (2)
� Syntaxfor <body>

body := atom j ( f and j union g body� ) j ( f neg j inv g body ) j

(project-to (object � ) body)

atom := (object concept_expr) j (object object role_expr) j

(object object (constraint chain chain constraint _expr)) j

(same-as variable individual )

chain := (role_expr� cd_attribute )

concept_expr := aRacerPro concept,with someextensionsfor OWL

role_expr := aRacerPro role j (inv role_expr) j (not role_expr)

constraint _expr := aRacerPro concretepredicate

cd_attribute := aRacerPro concretedomainattribute

datatype_property := aRacerPro roleusedasOWL datatypeproperty

annotation_property := aRacerPro roleusedasOWL annotationproperty

DoCoMoEuro-Labs,MichaelWessel– p.29/52
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nRQL Language– Syntax (2)
� Syntaxfor <body>

body := atom j ( f and j union g body� ) j ( f neg j inv g body ) j

(project-to (object � ) body)

atom := (object concept_expr) j (object object role_expr) j

(object object (constraint chain chain constraint _expr)) j

(same-as variable individual )

chain := (role_expr� cd_attribute )

Exampleconceptqueryatoms

� (?x woman)

� (betty woman)

concept expr := a RacerPro concept, with some extensions for OWL

role expr := a RacerPro role j (inv role expr) j (not role expr)

constraint expr := a RacerPro concrete predicate

cd attribute := a RacerPro concrete domain attribute

datatype property := a RacerPro role used as OWLdatatype property

annotation property := a RacerPro role used as OWLannotation property
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� Syntaxfor <body>

body := atom j ( f and j union g body� ) j ( f neg j inv g body ) j

(project-to (object � ) body)

atom := (object concept_expr) j (object object role_expr) j

(object object (constraint chain chain constraint _expr)) j
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role expr := a RacerPro role j (inv role expr) j (not role expr)

constraint expr := a RacerPro concrete predicate

cd attribute := a RacerPro concrete domain attribute
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body := atom j ( f and j union g body� ) j ( f neg j inv g body ) j

(project-to (object � ) body)

atom := (object concept_expr) j (object object role_expr) j

(object object (constraint chain chain constraint _expr)) j

(same-as variable individual )

chain := (role_expr� cd_attribute )

Exampleconstraintqueryatoms
� (?x ?y (constraint (has-mother age)

(has-father age) <))

� (?x ?y (constraint (has-brother age)
(age)
(= age-1 (+ 8 age-2))))
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cd attribute := a RacerPro concrete domain attribute

datatype property := a RacerPro role used as OWLdatatype property
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nRQL Variables
� Variablescanonly beboundto ABox individuals,

not to concretedomainobjectsor evenconcrete
domainvalues

� nRQL offerstwo kindsof variables:?x , $?x
� ?x prohibitsbindingto individualswhichare

alreadyboundby othervariables,e.g.?y
(mappingmustbeinjective)

� “UNA” for variables
? (retrieve (?x ?y) (and (?x man) (?y man)))

> NIL

? (retrieve ($?x $?y) (and ($?x man)
($?y man)))

> ((($?X CHARLES) ($?Y CHARLES)))
DoCoMoEuro-Labs,MichaelWessel– p.30/52
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ComplexnRQL Queries
� CompoundnRQL queriesarede�ned inductively

� Every queryatomai is abody.
� If a1 ...an arequerybodies,thenthe

following expressionsarealsobodies
� (neg ai)
� (inv ai)
� (and a1 ...an)
� (union a1 ...an)
� (project-to (objects-in-ai) ai)

� Eachvariablecreatesa new axisin an
n-dimensionaltuplespace

� A projection(speci�edby <head> ) is made
beforethatsetis returned.
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Illustration of Semantics
(retrieve (?x)

(and ( ?x woman)
( ?y man)

(?x ?y has-child)))

PSfragreplacements

�
�

Step1

?x

?y
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Negationin nRQL
� nRQL offersNAF with neg
� Semantics:simplesetcomplement

� well-de�ned for conceptandrolequeryatoms
� well-de�ned for compoundqueries

(DeMorganetc.)
� some“tricks” areneededfor same-as and

constraint queryatoms
� ClassicalDL-lik enegation

� obviously, in conceptqueryatoms
� but alsoin rolequeryatoms

(?x ?y (not has-father))
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Illustration of neg
(retrieve (?x)

(and (?x woman)
(?y man)
(?x ?y has-child)))
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�
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Illustration of neg
(retrieve (?x)

(neg (project-to (?x)
(and (?x woman) (?y man)

(?x ?y has-child))))
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Querieswith Indi viduals
? (retrieve (betty)

(betty woman))

> ((($?BETTY BETTY)))

� Explanation:queryis rewritten into

(AND (SAME-AS $?BETTY BETTY)
($?BETTY WOMAN))

� $?BETTY is avariablethatdoesnotobey the
uniquenameassumptionfor variables

� (SAME-AS $?BETTY BETTY) enforcesbindingof
$?BETTY to BETTY

DoCoMoEuro-Labs,MichaelWessel– p.35/52



P
S

fr
ag

re
pl

ac
em

en
ts � �

SemanticConsequences
� “NAF” for atomswith individualscanbetricky

(retrieve (betty)
( neg (betty woman)))

=
(retrieve ($?betty)

( neg (and ($?betty woman)
(same-as $?betty betty))))

=
(retrieve ($?betty)

( UNION ( neg ($?betty woman))
( neg (same-as $?betty betty))))

� onemustde�ne thesemanticsin suchaway if the
orthogonalityof thelanguageshallbepreserved!
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The Projection Operator
� Wecanretrieveall womanhaving childrenwith

(retrieve (?x)
(and (?x woman) (?x ?y has-child)))

� How canweretrievewomanwhichhaveno
(known) children?

? (retrieve (?x)
(?x (and woman (all has-child bottom))))

? (retrieve (?x)
(and (?x woman)

(neg (?x ?y has-child))))

? (retrieve (?x)
(neg (and (?x woman) (?x ?y has-child))))
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The Projection Operator (2)
Q1: (retrieve (?x)

(and (?x woman)
(neg (?x ?y has-child))))

PSfragreplacements

�
�

?x

?y
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The Projection Operator (2)
� Q1: (retrieve (?x)

(and (?x woman)
(neg (?x ?y has-child)))) �
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The Projection Operator (2)
Q2: (retrieve (?x)

(neg (and (?x woman)
(?x ?y has-child))))

PSfragreplacements

�
�

?x
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The Projection Operator (2)
� Q2: (retrieve (?x)

(neg (and (?x woman)
(?x ?y has-child)))) �
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The Projection Operator (2)
Q3: (retrieve (?x)

(and (?x woman)
(neg (project-to (?x)

(?x ?y has-child) ))))

PSfragreplacements
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�
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The Projection Operator (2)
Q3: (retrieve (?x)

(and (?x woman)
(neg ( project-to (?x)

(?x ?y has-child)))))
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The Projection Operator (2)
Q3: (retrieve (?x)

(and (?x woman)
(neg (project-to (?x)
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The Projection Operator (2)
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The Projection Operator (2)
Q3: (retrieve (?x)

(and (?x woman)
(neg (project-to (?x)

(?x ?y has-child))))) �
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. . .SomeSyntacticSugar
� Dueto thenew projectionoperator, some“special

syntax”from theoldernRQL (DL '04) cannow
beexpressed

� (?x (has-known-successor has-child))
= (project-to (?x) (?x ?y has-child))

� (?x NIL has-child) (borrowedfrom LOOM)
= (neg

(?x (has-known-successor has-child)))
= (neg

(project-to (?x) (?x ?y has-child)))

� now expressiblein termsof project-to
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Querying OWL KBs
� OWL datatypeproperties:

<owl:Class rdf:ID="Person">
<rdfs:label>person</rd fs: labe l>

</owl:Class>

<owl:DatatypeProperty rdf:ID="age">
<rdfs:domain rdf:resource="#Person" />
<rdfs:range rdf:resource=

"http://www.w3.org/2 001 /XMLSchema#in teg er" />
</owl:DatatypePropert y>

<Person rdf:about="http://www.t est .co m/mich ael" >
<age>34</age>

</Person>
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nRQL & DatatypeProperties
� Idea:handleOWL DTP likeconcretedomain

attributes
? (retrieve

(?x
(datatype-fillers

(|http://www.test.co m/te st. owl #age| ?x)))
(?x (some |http://www.test.com/t est .ow l#a ge|

(and (min 30) (max 35)))))

> (((?X |http://www.test.com/ mich ael |)
((:TOLD-VALUE

(|http://www.test.com /te st.o wl# age | ?X)) (34))))

� ExtendedRacerPro conceptsyntax(expressions
like (and (min 30) (max 35)) only recognized
by nRQL)
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nRQL & Annotation Properties
<owl:AnnotationPropert y rdf:ID="my-comment">

<rdf:type rdf:resource=
"http://www.w3.org/20 02/ 07/o wl# Dat aty pePrope rty "/>

<rdfs:domain rdf:resource="#perso n"/ >
</owl:AnnotationProper ty>

<person rdf:ID="i">
<my-comment rdf:datatype=

"http://www.w3.org/20 01/X MLSche ma#str ing"
>My comment</my-comment>

</person>

� A specialheadprojectionoperatorannotations
(told-value) is providedby nRQL

� Similar to queryingfor datatypeproperties
DoCoMoEuro-Labs,MichaelWessel– p.42/52
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Expressivity Problems
� Accessto “datavalues”in OWL docs(�llers of

datatype/annotationproperties)is restricted
� from theDL perspective,only the(extended)

RacerPro conceptexpressionlanguagecanbe
used

� How to retrieveall individualswhichhave (CD
attributeor DTP) �llers containingsubstringx?

� Solution:maintainadatasubstratein parallelto
anABox

� thedatasubstrateis usedto automatically
“mirror” theABox

� offer queryaccessto this substrateby meansof a
hybrid querylanguage- nRQL
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Hybrid Queries- DataSubstrate
(retrieve (?x ?*name ?*age)

(and (?x (and |http://...#person|
(an |http://...#age|)))

(?*x ?*name |http://...#name|)
(?*name ( (:predicate (search "wessel"))

((:predicate (search "michael"))
(:predicate (search "achim")))))

(?*x ?*age |http://...#age|)
(?*age ((:predicate (< 40))))))

� New sortof variables:*?x (*$?x) , rangingover datanodes

� Datanodescanalsobedatavaluesin OWL documents

� Datanodes/edgeshave descriptive labels:kind, role,property, . . .

� Notionof entailmentfor labelsof nodes/edges

� Dataqueryatomsarein pos.CNF& containliteralsandpredicates.
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The RCC Substrate
� AssociatesanRCC8(RCC5)network with an

ABox

� (Some)ABox individualshave corresponding
nodesin thenetwork, representing“spatial
characteristics”

� An RCC8relationis adisjunctionof RCC8base
relations,e.g.f DC; ECg ! “coarser
knowledge”concerningspatialrelationship

� RCC8:8 baserelations, 28 = 256relations
� JEPDpropertyfor baserelations= jointly

exhaustive,pairwisedisjoint
� No knowledgeaboutrelationship:usedisjunction

of all 8 baserelations
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The RCC Substrate(2)
� Charateristicsof RCCrelationscapturedby

“compositiontable”

� Inferencepatternsof theform
R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)

� Notionsof consistency:

DoCoMoEuro-Labs,MichaelWessel– p.46/52
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The RCC Substrate(2)
� Charateristicsof RCCrelationscapturedby

“compositiontable”
� Inferencepatternsof theform

R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)

PSfragreplacements

�
�

a b c
DC EC PO TPP TPPI

� Notionsof consistency:
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The RCC Substrate(2)
RCC5CompositionTable

� DR(a,b) PO(a,b) EQ(a,b) PPI(a,b) PP(a,b)

DR(b,c) *
DR
PO
PPI

DR
DR
PO
PPI

DR

PO(b,c)
DR
PO
PP

* PO
PO
PPI

DR
PO
PP

EQ(b,c) DR PO EQ PPI PP

PP(b,c)
DR
PO
PP

PO
PP

PP

PO
EQ
PP
PPI

PP

PPI(b,c) DR
DR
PO
PPI

PPI PPI *

� Charateristicsof RCCrelationscapturedby
“compositiontable”

� Inferencepatternsof theform
R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)

� Notionsof consistency:
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The RCC Substrate(2)
� Charateristicsof RCCrelationscapturedby

“compositiontable”
� Inferencepatternsof theform

R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)
� Notionsof consistency:

� Constraintsatisfaction:�nd aninstantiationof
thenetwork with baserelationssuchthatthe
compositiontableaxiomsaresatis�ed
(requiressearch,exponential)
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The RCC Substrate(2)
� Charateristicsof RCCrelationscapturedby

“compositiontable”
� Inferencepatternsof theform

R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)
� Notionsof consistency:

� Polynominalmethods(incomplete):
Constraintpropagation,“pathor
3-consistency algorithm”: for all x; y; z,
compute

T(x; z) = def T(x; z) \ R(x; y) � S(y; z)
until �xpoint is reached
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The RCC Substrate(2)
� Charateristicsof RCCrelationscapturedby

“compositiontable”
� Inferencepatternsof theform

R(x; y) � S(y; z) ! T1(x; z) _ � � � _ Tn(x; z)
� Notionsof consistency:

� Spatialrealizabilty:�nd aspatialmodel(not
consideredhere)
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The RCC Substrate(3)
� nRQL basedonnotionof logical consequence:a

bindingto avariableis only establishedif this
bindingholdsin all models(“certainanswer”)

� Question:HoldsR(x; y) in all modelsof the
RCCnetwork R?

� Not soeasy, sinceR (or R) cancontainnon-base
relations

� Reductionto satis�ability: R j= R(x; y) if f
R [ (RCCn R)(x; y) unsatis�able

� Much betterRCCcheckersareknown
� RacerPro handbook:RCCsubstrateis an

“experimental,non-essentialaddon”
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The RCC Substrate(3)

(B,D) : DR

(B,C) : PP

(A,B) : PP

(D,D) : EQ

(C,C) : EQ

(B,B) : EQ

(A,A) : EQA

B

C

D
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The RCC Substrate(3)
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The RCC Substrate(3)
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relations

� Reductionto satis�ability: R j= R(x; y) if f
R [ (RCCn R)(x; y) unsatis�able

� Much betterRCCcheckersareknown
� RacerPro handbook:RCCsubstrateis an

“experimental,non-essentialaddon”
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The RCC Substrate(4)

> (retrieve (?x ?y) (and (?x country) (?*x ?*y :ppi)
(?y it-specialists)))

(((?X GERMANY)(?Y DOCOMO-EURO-LABS))
((?X GERMANY)(?Y STS)))

> (retrieve (?x ?y) (and (?*x ?*y :dr) (?x it-specialists)
(?y it-specialists)))

(((?X DOCOMO-EURO-LABS)(?Y STS))
((?X STS) (?Y DOCOMO-EURO-LABS)))

> (retrieve (?x ?y)
(and (?*x ?*y :dr) (?x it-specialists)

(?y it-specialists)
(?*y ?*z :pp) (?z bavarian-city)))

(((?X STS) (?Y DOCOMO-EURO-LABS))
((?X DOCOMO-EURO-LABS)(?Y STS)))
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The RCC Substrate(4)
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RCC Substrate& OWL?
� OWL DL = SHOI N (Dn)
� RacerPro supportsSHI N (Dn)

(Nominals,O, approximated)
� An OWL KB canbemirroredinto thedata

substrate(additionalretrieval predicatespossible)
� Idea:declareasetof objectpropertiesasspatial

relationships,thenautomaticallycreateanRCC
substratefrom anOWL KB

) “RCC substrate”additionfor OWL
� Alreadyrequestedby auserof RacerPro, but not

implementedyet
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Reasoningabout Queries
� Queryconsistency

� Two kindsof conjuncts:“RCC” and“ABox
assertion”conjuncts

� Checksatis�abilty seperately
� ABox assertions:constructanABox from the

conjuncts,replacingvariableswith
individuals,checkfor ABox satis�ability

� RCCconjuncts:constructanRCCsubstrate
andcheckits consistency

� Conjecture:somehow “weak” sinceno
interaction,but quiteusefulin this scenario

) Reductionto appropriateABox / RCC
consistency checks

� Hybrid querycontainment

) By reductionto queryconsistency
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Reasoningabout Queries
� Queryconsistency

) Reductionto appropriateABox / RCC
consistency checks

� Hybrid querycontainment
query(?germany; ?city ; ?sea)  

germany(?germany� ); f ederal_div ision (?div ision � );

german_city (?city � ); (baltic_seet nor th_sea)(?sea� );

PPI(?germany,?division),PPI(?division,?city),

DR(?division,?sea)
j=

query(?countr y; ?city ; ?ocean)  

countr y(?countr y� ); city (?city � ); ocean(?ocean� );

DR(?ocean,?city),PPI(?country,?city)

) By reductionto queryconsistency
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Reasoningabout Queries

PPI

PPI

german_city

germany

sea ocean

city

country

DR

PPIDR
fed_div.

PSfragreplacements

�
�

Two queries- doesGreenentailBlue?

� Queryconsistency
) Reductionto appropriateABox / RCC

consistency checks
� Hybrid querycontainment

) By reductionto queryconsistency
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Reasoningabout Queries

PPI

PPI

german_city

germany

DR

fed_div.

PPI

ocean

city

country

DR

PPIDR
\/ north_sea
baltic_sea

PSfragreplacements

�
�

Addingentailedconstraintsfor Green

� Queryconsistency
) Reductionto appropriateABox / RCC

consistency checks
� Hybrid querycontainment

) By reductionto queryconsistency
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Reasoningabout Queries

PPI

PPI

fed_div.
DR

DR

PPI
�> country

germany

german_city
�> city

�> ocean
baltic_sea \/ north_sea

PSfragreplacements

�
�

Match- Greenis morespeci�c thanBlue

� Queryconsistency
) Reductionto appropriateABox / RCC

consistency checks
� Hybrid querycontainment

) By reductionto queryconsistency
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Conclusion
� Handlingof spaceby logicalmeansis dif�cult
� Standard-DLsor languagessuchasOWL arenot

tailoredfor thispurpose
� Goodfor thematicaspects
� Tailoredspatiallanguagesshouldbedecidable

(con�ict: expressivenessvs.decidability)
� TheOWL “standardontologies”for GIS (found

on theweb)canbeunderstoodasdataschema
speci�cationsfor GISdata,reasoningconcerning
thespatialaspectsis notaddressed

� RacerPro supports“spatialreasoning”only in
thequeryansweringengine
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