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Conventional GIS

“A GISIs acomputersystemcapableof
capturing,storing,analyzing,anddisplaying
geographicallyeferencednformation;thatis,
dataidenti ed accordingo location”

...afew dozenmore

4 mainaspectscapturing representation,
analysis presentatiorf spatialdata
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Conventional GIS (2)

Representatio(storage)spatialdatabase
(offering spatialdatatypes)

vectoror rasterdata(or both)
oftenorganizedby subjectin “layers”

spatialindex structurege.g.,R™ -Trees)
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The DISK (Digital City Map)

Datafrom authoritiesof Hamhurg (“Amt ftr
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Datafrom authoritiesof Hamhurg (“Amt ftr
Geoinformatiorund Vermessung”)
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Aspectsof GeographicData (2)

Spacehasspeci ¢ properties
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Spatial IncompletenesgLemon)

circle - 10(x) ~ circle-10(y1) » :::” circle = 10(y7)"
EC(X;y1) " 1i:” EC(X; y2)?

(EC(y1;¥2) * EC(y2;y3))"

(EC(y2;y3) » EC(y3;ya)) * 1227

(EC(ye;y7) " EC(y7;y1))  Satis®able?
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The Vision of a Deductive GIS

Concrete Geometry

Startingpoint: adigital vectormap
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The Vision of a Deductive GIS

Extensional Component
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The Vision of a Deductive GIS

Intensional Component

"Concept definitions" / GEO Ontology
area, house, ...

green_area > area & ...

lake > area & (not green_area) ...
park'> green_area & ...

living_area > area & (not green_area)|..

Extensional Component

= = = =
—_— - _
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‘/ / / O
S - O
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Modeling of thematicconcepts
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The Vision of a Deductive GIS
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The Vision of a Deductive GIS

Query Component

Simple Spatial Queries:
Retrieve all areas contained within
this area
Thematic Queries:
retrieve_concept_instances(lake)
Spatio thematic Queries:
Retrieve all parks that contain a lak

D

Intensional Component

"Concept definitions" / GEO Ontology
area, house, ...

green_area > area & ...
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The Vision of a Deductive GIS

Systemmetaphorwe wanta GlS similarto a
descriptionogic (DL) system
Extensionacomponent

Representationf certainselectedspatio-thematic
aspect®f aconcretemap(®geographievorld®)

? Which spatialandthematicaspects?
? Underspeci®ed indeterminatalata?

? Uni®edor hybrid representationf spatialand/or
thematicaspectgdifferentdsources®)?
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The Vision of a Deductive GIS

Systemmetaphorwe wanta GlS similarto a
descriptionogic (DL) system

Extensionatomponent
Intensionakcomponent

Querycomponent)

Retrieval of interestingobjects/ constellations®map
analysig reasoning®

? Kind of queries

? With spatialandthematicaspectsareaddressable?
? Usageof conceptdrom the ontologieswithin queries
? Evaluationof querieg@specialistsfor sources)?
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The Vision of a Deductive GIS

Systemmetaphorwe wanta GlS similarto a
descriptionogic (DL) system

Extensionatomponent
Intensionakcomponent
Querycomponent)
Reasonindasks

E: consisteng checkingof data

| . consisteng checkingof ontology& concepts

| ; Q: satis®ablilityandentailmenof queries concepts

| ; Q: computatiorof query/ conceptsubsumption
hierarchieg2taxonomies®)

E | :instancé‘realization®
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Two Approaches

Theoreticians/ Logician's Approach:
Top Down
Designsuitablespatio-thematidogics
Very hard,problemswith decidability
Long way to go until we getaworking system
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Two Approaches

Theoreticians/ Logician's Approach:
Top Down
Designsuitablespatio-thematidogics
Very hard,problemswith decidability
Long way to go until we getaworking system

Practitioners/ Engineers Approach:

BottomUp, useandexploit existing
components

Useanexisting DL system:RacerPro

Add expressve querylanguagesuitablefor
ontology-basedpatio-thematiguerying

More limited but onegetsa working system
soon
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Ontology-basedDISK Querying

Ontology:Explicit, formal speci cationof a
conceptualizatioiGruber)

Here:ontologyprovides“commonsense”
(mainly thematic)vocahilary

“Global asView”: theontologycanbeseenas
de ning views overtheinformationsources

Settingl: No geometrypurelysymbolic
representatiom a RacerPro ABox!

Setting?2:

Sourcel: Thematicannotationd DL ABox
Source2: Mapgeometry! spatialbox
Expressre hybrid querylanguageneeded
Queryexpansion DoCoMoEuro-Labs MichaslWesssk-p.125?




Ontology-basedQuerying (2)

Bene ts

Userscanabstracfrom sourcesandschemas
of thesources

Ontologyis formal! queriescanbe
reasonecbout(checkingconsisteny,
entailmentequwvalence)

Ontologiescancapturetaxonomic(“is-a”)
relationships

Themappingexpressedy the ontologyis
easilyadjustable

) declaratve programmingthe“ontology
view” onthedatacanbechangedeasily
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SomeDL-Basics: ALC

SimpleDL, propositionallycomplete
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ALC (2)

Satis ability of concepts
C Is satis ableiff thereexistsinterpretation
suchthatC' 6 ;

| Is calledmodelof C
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ALC (2)

Satis ability of concepts
C Is satis ableiff thereexistsinterpretation
suchthatC' 6 ;

| is calledmodelof C
Subsumptiorof concepts

Cv DiffC! D! foralll iff
C u : D unsatis able

Simpleexample

numan u malev human

numan u maleu : human unsatis able
numan u f emalev f emale

numan u f emalev humant f emale
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Spatial Conceptwith ALC?

|dea:rolesfor qualitatve spatialrelationships
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Spatial Conceptwith ALC?

)

|dea:rolesfor qualitatve spatialrelationships
8contains:: lake u 9contains:9contains:lake

Satis ablein ALC

Speci c propertiesof spatialrelationshipsiot
captured

contains shouldbetransitve (required:ALCRr+)
How to handledisj oint contains! disj oint?
specialDLs required
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Spatial Conceptwith ALC?

|dea:rolesfor qualitatve spatialrelationships
8contains:: lake u 9contains:9contains:lake
Satis ablein ALC

Speci c propertiesof spatialrelationshipsiot
captured

contains shouldbetransitve (required:ALCR+)
How to handledisj oint contains! disj oint?
) specialDLs required

Not consideredn thefollowing (“Practitioners
approach”)
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The TBox

Terminology providesvocahulary (ontology)
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The TBox

Terminology providesvocalulary (ontology)
TBox T = nite setof axioms(de nitions)
CvD,C D
SimpleTBoxes:no cyclesandC 2 CN
GenerallBoxes(RacerPro): C; D arbitrary
Descriptve Semanticst = T Iff
S8CvD2T:! ECvD,C' D
TBoxesaffectconceptsatis ability

mother u : f emaleis satis able

mother u : f emaleis unsatis ablewrt.
TBox fmother _humanu f emaleu :::g
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Terminology providesvocalulary (ontology)
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Taxonomy:shaws all directsubsumption
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The ABOX

Modelingof a concretestateof theworld in terms
of individualsandinterrelationships
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Expressve DLs
RacerPro: ALCQH I g- (D ) (SHI Q(D 1))
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RepresentingDISK: Setting 1

Remodelingpf thematiccateoriesin a TBox
conceptfor key2224)= 4ot park

Additional conceptg“ontology”)
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RepresentingDISK: Setting 1

Remodelingpf thematiccateoriesin a TBox
conceptfor key2224)= 4ot park

Additional conceptg“ontology”)
park_with lake park u 9contains:lake
Representationf themapasan ABox A

For eachmapobjecti with key n, add
| . conceptfor key(n) to A
Computequalitatve RCC8relationships:
(1)) : EC, (I; k) : TPPI, ...

)  RCC8network in the ABox (network is
alwaysconsistent
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lllustration: DISK ABox
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Querying the DISK (Setting 1)

Ordinaryinstanceetrieval queries:
retrievgpark_with _lake) = fi; :::g
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Problemswith theapproach:

n? sizeof generated\Boxes(29 million role
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Qualitatve representationf “spatialdata’in
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RepresentingDISK: Setting 2

Map substrate(AB ox; SBox; )
ABox representthematicaspect®f mapobjects
SBox(SpatialBox): geometryof themap
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Hybrid Queries(Setting 2)

Two sortsof atoms
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ABox atoms:
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Hybrid Queries(Setting 2)
Two sortsof atoms

ABox atoms:
Variablesrangeover ABox individuals
Atomsasin nRQL (seebelow)

Spatialatoms:

Variablesrangeover SBoxindividuals
RCCatoms

Geometricattributes:arealength,. ..

Metric relationshipsrangequeriesepsilon
gueries, ..
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Hybrid Queries(Setting 2)
N

RangeQuery EpsilonQuery
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Hybrid Queries(Setting 2)
Two sortsof atoms
ABox atoms:
Variablesrangeover ABox individuals
Atomsasin nRQL (seebelow)
Spatialatoms:

Variablesrangeover SBoxindividuals

RCCatoms
Geometricattributes:arealength,. ..
Metric relationshipsrangequeriesepsilon
gueries,. ..

Variablesareboundin parallel,accordingo
association
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Hybrid Queries(Setting 2)

@ )

o A

.
—

G
PX*

I ABoOX

?X =?X areboundin parallel
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Hybrid Queries(2)

Hybridnesscanbe madetransparent
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);

contains(?x; ?f )
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; 2 )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);
contains(?x; ?f )
Queryrewriting / expansion
lake_or_pond?z) !
?z : (laket pond
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; 2 )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);
contains(?x; ?f )
Queryrewriting / expansion
borders(?y; ?x); f lows_in(?y; ?X) !
EC(?y; ?x)
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; 2 )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);
contains(?x; ?f )

Queryrewriting / expansion

contaminated(?z) !
?z . 9water_quality :poisoned
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; 2 )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);
contains(?x; ?f )

Queryrewriting / expansion

Resultof the expansion/reformulatioprocessa hybrid
guerywhich we canprocess
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Hybrid Queries(2)

Hybridnesscanbe madetransparent

“Find a contaminatedake in a parkin which a
creek o wswhich bordersanindustrialarea
containinga chemicalplant”

query(?x; ?y; ?z; 2 )
Industr ial _area(?x); creek(?y);lake or pond?z);
contaminated(?z); chemical plant(?f ); park(?u);
borders(?y; ?2x); f lows_in(?y; ?z); contains(?u; ?z);
contains(?x; ?f )

Queryrewriting / expansion

Resultof the expansion/reformulatioprocessa hybrid
guerywhich we canprocess

DoCoMoEuro-LabsMichaelWessel- p.25/52



From DLMAPS to nRQL

...DLMAPS queryenginebecamecoreof nRQL engine

... hybrid reprsentationaddedo RacerPro to faciliate
Adatarepresentation®

...theSBoxof DLMAPS hasnot beenincorporated,
Insteadthe RCC substratdhasbeenaddedo supportRCC
gueryatoms9modelcheckingno longersuf®cent!)

(retrieve (?x (told-value (age ?X)))
(and (?x (and woman (an age)))
(?x ?y has-child)
(?y ?y (constraint
GECREE age)
(has-mother  age)
(> age-1 (+ age-2 8))))
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From DLMAPS to nRQL

...DLMAPS queryenginebecamecoreof nRQL engine

... hybrid reprsentationaddedo RacerPro to faciliate
Adatarepresentation®

...theSBoxof DLMAPS hasnot beenincorporated,
Insteadthe RCC substratdhasbeenaddedo supportRCC
gueryatoms9modelcheckingno longersuf®cent!)

(((?x  betty) ((told-value (age 7?x)) 45))
((?x diana) ((told-value (age 7Xx)) 55H))
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NROL Language— Example

jane

has _child has father

Truein all |

betty charles

has mothe

r
has child

AbstractDomain
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NROL Language— Example

jane

has _child has father

Truein all |

betty charles

has mother
has child

AbstractDomain

name age age age| ConcreteDomain
y

.S 2 S
betty-age  jane-age charles-age

Bl - osetty°

betty-name
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NROL Language— Example

jane

has _child has father

(?x (and woman
CUNCT)))

betty ( ?X charles

has mothe

r
has child

AbstractDomain

DoCoMoEuro-LabsMichaelWessel-p.27/52



NROL Language— Example

jane

has child

betty ( ?X

has mothg

a)

has father

(?x ?y has-child)

EHES

AbstractDomain

DoCoMoEuro-LabsMichaelWessel-p.27/52



NRQL Language— Example
jane Py 2y
has father (constraint
(has-father age)
(has-mother  age)
(> age-1
(+ age-2 8))))

EHES

has child

betty
has mothg

name age age ConcreteDomain

(ager; agey):age; + 8 < age;
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NRQL Language— Example
jane Py 2y
has father (constraint
(has-father age)
(has-mother  age)
(> age-1
(+ age-2 8))))

EHES

has child

betty
has mothg

name age age ConcreteDomain

(age;: age,):45+ 8< 55)

DoCoMoEuro-LabsMichaelWessel-p.27/52



NROQL Language— Example

jane

has _child has father

(EEYE
(?X
(age 7?x)) ...)

betty charles

has mother
has child

AbstractDomain

name age age age ConcreteDomain
y

((?x Dbetty) ((age ?x) betty-age))
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NROQL Language— Example

jane

has _child

betty
has mothg

has father
(EEYE

(?X
(told-value
(age 7?x)))
charles

)

a)

=

r
has child
AbstractDomalin

name age

age age ConcreteDomain

y
=

((?xX  Dbetty)

"Betty"

((told-value 45))

(age  ?x))
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NROL Language— Syntax

Querieshave a headandabody:

(retrieve <head> <body>)
Syntaxfor <head>
head := (head entry )
head entry := object | head projection operator
object := variable] individual
variable := asymbolbeginningwith &?°
Individual := asymbol

head projection operator =
(cd_attribute object) j
(told-value (cd_attribute object)) |

(told-value (datatype property object)) |
(annotations  (annotation _property object))
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NROQL Language— Syntax(2)

Syntaxfor <body>
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NROQL Language— Syntax(2)

Syntaxfor <body>
body := atomj(fand junion ghbody ) j(f neg jinv ghbody) j

(project-to (object ) body)
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NROQL Language— Syntax(2)

Syntaxfor <body>
body := atomj(fand junion ghbody ) j(f neg jinv ghbody) j

(project-to (object ) body)
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NROQL Language— Syntax(2)

Syntaxfor <body>
body := atomj(fand junion ghbody ) j(f neg jinv ghbody) j

(project-to (object ) body)
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NROQL Language— Syntax(2)

Syntaxfor <body>
body := atomj(fand junion ghbody ) j(f neg jinv ghbody) j

(project-to (object ) body)
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NROQL Language— Syntax(2)

Syntaxfor <body>

body := atomj(fand junion ghbody ) j(f neg jinv ghbody)
(project-to (object ) body)
atom = (object concept_expr) | (object object role_expr) j
(object object (constraint chain chain constraint _expr)) |

(same-as variable individual )

chain := (role expr cd_attribute)

Exampleconcepigueryatoms
(?X woman)

(betty  woman)

DoCoMo Euro-LabsMichaelWessel- p.29/52



NROQL Language— Syntax(2)

Syntaxfor <body>

body := atomj(fand junion ghbody ) j(f neg jinv ghbody)
(project-to (object ) body)
atom = (object concept_expr) | (object object role_expr) |
(object object (constraint chain chain constraint _expr)) |

(same-as variable individual )

chain := (role expr cd_attribute)

Examplerole queryatoms
(?X ?y has-child)
(betty  ?child-of-betty has-child)
(?x ?y (inv  has-child))
(?x ?y (not has-father))
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NRQOQL Language— Syntax (2)

Syntaxfor <body>

body := atomj(fand junion ghbody ) j(f neg jinv ghbody)
(project-to (object ) body)
atom = (object concept_expr) | (object object role _expr) |
(object object (constraint chain chain constraint _expr)) j

(same-as variable individual )

chain := (role _expr cd_attribute)

Exampleconstraintgueryatoms

(?x ?y (constraint (has-mother  age)
GEER age) <))

(?x ?y (constraint (has-brother age)

(age)
(= age-1 (+ 8 age-2))))
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NROQL Language— Syntax(2)

Syntaxfor <body>

body := atomj(fand junion ghbody ) j(f neg jinv ghbody)
(project-to (object ) body)
atom = (object concept_expr) j (object object role _expr) j
(object object (constraint chain chain constraint _expr)) |

(same-as variable individual )

chain := (role expr cd_attribute)

Examplesame-as queryatoms

(same-as ?x betty)
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NROQL Language— Syntax(2)

Syntaxfor <body>
body := atomj(fand junion ghbody ) j(f neg jinv ghbody) j

(project-to (object ) body)

atom = (object concept_expr) j (object object role _expr) j
(object object (constraint chain chain constraint _expr)) |

(same-as variable individual )

chain := (role_expr cd_attribute)

concept_expr .= aRacerPro conceptwith someextensiondor OWL
role_expr .= aRacerProrolej (inv role_expr) | (not role e;
constraint _expr = aRacerPro concretepredicate

cd_attribute .= aRacerPro concretedomainattribute

datatype_ property .= aRacerPro role usedasOWL datatypegoroperty

annotation _property := aRacerPro role usedasOWL annotatiorproperty
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NRQL Variables

Variablescanonly beboundto ABox individuals,
notto concretedomainobjectsor evenconcrete
domainvalues

NRQL offerstwo kindsof variables:?x, $?x

?X prohibitsbindingto individualswhich are
alreadyboundby othervariablesge.g.?y
(mappingmustbeinjective)
“UNA” for variables

? (EQEYE (?x ?y) (and (?x man) (?y man)))

> NIL

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

CYs/AEN))))
> ((($?X CHARLES) ($?Y CHARLES)))
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ComplexnRQL Queries

CompounthRQL queriesarede ned inductvely
Every queryatomai Is abody

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

Eachvariablecreatesa new axisin an
n-dimensionatuplespace

A projection(speci edby <head>) Is made
beforethatsetis returned.
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lllustration of Semantics

(EYEYE (?X)
(and (| ?x | woman)
?y (|?y | man)
A (?x ?y has-child)))

) ¢
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lllustration of Semantics

(EYEYE (?X)
(and | (?x woman)
?y (?y man)
A (?x ?y has-child)))

|||||m||||’?x
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lllustration of Semantics

(EYEYE (?X)
(and |[(and (?x woman) (?y top))
?y (?y man)
A (?x ?y has-child)))

T 17 1 = ?X
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lllustration of Semantics

(EYEYE (?X)
(and (and (?x woman) (?y top))
?y (?y man)
A (?x ?y has-child)))

T T 1T T T T T T 1T T 1T = 7X
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lllustration of Semantics

(EYEYE (?X)
(and (and (?x woman) (?y top))
?y (and (?x top) (?y man))
A (?x ?y has-child)))

T T 1T T T T T T 1T T 1T = 7X
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lllustration of Semantics

(?x)

(retrieve

2y
A

(

and

(and (?x woman) (?y top))
(and (?x top) (?y man))
(?x ?y has-child)))

T T 1T T T 1T 1T = ?X

DoCoMo Euro-LabsMichaelWessel- p.32/52



lllustration of Semantics

(EYEYE (?X)
(and (and (?x woman) (?y top))
?y (and (?x top) (?y man))
A (?x ?y has-child) )
= O
— @ O
— O O
— ® O O
— @ O O
- O O
= O O
= O ® O
= O
= O

T T 1T T T T T T 1T T 1T = 7X
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lllustration of Semantics

(?x)

(retrieve

2y
A

(

and

(and (?x woman) (?y top))
(and (?x top) (?y man))
(?x ?y has-child)))

T T 1T T T 1T 1T = ?X
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lllustration of Semantics

(EYEYE (?X)
(and (and (?x woman) (?y top))
?y (and (?x top) (?y man))
A (?x ?y has-child)))

> ?X
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Negationin nRQL
NRQOQL offersNAF with neg

Semanticssim
well-de ned

for conceptanc

well-de ned

for compounc

(DeMomanetc.)
some“tricks” areneededor same-as and

constraint

queryatoms

ClassicaDL-lik e negation

obviously, in conceptgueryatoms
but alsoin role gueryatoms

(?x ?y (nhot

nlesetcomplement

role gqueryatoms
ueries

has-father))
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lllustration of neg

(EYEYE (?X)
(and (?x woman)
?y (?y man)
A (?x ?y has-child)))

T T T T T T T 1T 1T T 1T = 7X
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lllustration of neg

(EYEVE (?X)
(neg (and (?x woman)
?y (?y man)
A (?x ?y has-child))))

T T T T T 1T 1T 1T = ?X
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)

(neg (?x 7?y has-child))

(neg (?x woman))

(neg (?y man))

(?x)
(union

o

(retrieve

lllustration of neg
y
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lllustration of neg

(retrieve

(?X)
(union (neg (?x woman))
?y (neg (?y man))

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

DoCoMoEuro-LabsMichaelWessel- p.34/52
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lllustration of neg

(EYEYE (?X)
(union (neg (?x woman))
?y (and (?x top) (neg (?y man)))
A (neg (?x ?y has-child))))
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lllustration of neg

(EYEYE (?X)
(union | (?X woman)
?y (and (?x top) (neg (?y man)))
A (neg (?x ?y has-child))))

90000 0000 -
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lllustration of neg

(retrieve (?X)
(union |(and (neg (?x woman) (?y top)))
2y (and (?x top) (neg (?y man)))
A (neg (?x ?y has-child))))

T T T T T 1T T T 1T 1T 17 = ?X
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lllustration of neg

~—~
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(neg (’?x ?y has-child))))

-
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lllustration of neg

(EYEYE (?X)
(and (?x woman)
?y (?y man)
A (?x ?y has-child)))

T T T T T T T 1T 1T T 1T = 7X
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lllustration of neg

(retrieve (?X)
(lneg | (and (?x woman)
?y (?y man)
A (?x ?y has-child))))

i

DoCoMoEuro-LabsMichaelWessel- p.34/52




lllustration of neg

(EYEVE (?X)
(neg (and (?x woman)
?y (?y man)
A (?x ?y has-child))))

?X
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lllustration of neg

(EYEYE

2y
A

(?x)

(and

(?X woman)
(?y man)
(?x ?y has-child)))

> ?X
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lllustration of neg

(

NEG

(EYEYE (?X)

(and (?x woman)
(?y man)
(?x ?y has-chi

L))

> ?X
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lllustration of neg

(EYEYE (?X)
(neg (project-to (?X)
?y (and (?x woman) (?y man)
A (?x ?y has-child))))

|||||”|||||’?x

DoCoMo Euro-LabsMichaelWessel- p.34/52



Querieswith Individuals

? (retrieve (betty)
(betty  woman))

> ((($?BETTY BETTY)))
Explanationgueryis rewritten into

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

$?BETTY IS avariablethatdoesnot obey the
uniguenameassumptioror variables

(SAME-AS $?BETTY BETTY) enforcesinding of
$?BETTYtOBETTY
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SemanticConsequences
“NAF” for atomswith individualscanbetricky

EQEYE (betty)
(neg (betty woman)))

(CEEYE ($7betty)
(neg (and ($?betty  woman)
(same-as $?betty  betty))))

(retrieve ($7?betty)
(UNION (neg ($7?betty  woman))
(neg (same-as $?betty Dbetty))))

onemustde ne thesemanticsn suchaway if the
orthogonalityof thelanguageshallbe presered!
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The Projection Operator

We canretrieve all womanhaving childrenwith
WEHEYE (?X)

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

How canwe retrieve womanwhich have no
(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)
~, (@nd (?x woman)
(neg (?x ?y has-child))))
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The Projection Operator (2)

Q1. (retrieve (?X)
~, (@nd (?x woman)
IA (neg (?x ?y has-child))))

|||||||‘||||’?x
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The Projection Operator (2)

Q1. (retrieve (?X)
~, (@nd (?x woman)
'Ay (neg (?x ?y has-child))))

— YYY
T T T T T @ T T T T ?x
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The Projection Operator (2)

Q1. (retrieve (?X)
o (and (?x woman)
'Ay (neg (?x ?y has-child))))

— YYY

T T T T & 0 T 1T T 17 = ?X
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The Projection Operator (2)

Q2. (retrieve (?X)
(neg (and (?x woman)
(?x ?y has-child))))

e
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The Projection Operator (2)

Q2. (retrieve (?X)
5 (neg (and (?x woman)
' Ay (?x ?y has-child))))
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The Projection Operator (2)
Q3: (retrieve (?X)
(and (?x woman)
(neg (project-to (?X)

?y :
\ (?x ?y has-child) ))))
= O

= O

= O

— ® O O

— @ O O

= © O

= O O

— O ® 0

= O

|||||||‘||||’?x
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The Projection Operator (2)
Q3: (retrieve (?X)
(and (?x woman)

(neg (|project-to )

?y .
A (?x ?y has-child)))))
— O
— O
— @
— @ @ O

‘||||’?x
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The Projection Operator (2)
Q3: (retrieve (?X)
(and (?x woman)
(neg (project-to )
(?x ?y has-child)))))

2y

-9 0 ©

20 ©

Y
000 000000 -
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The Projection Operator (2)

Q3: (retrieve

(?X)

(and (?x woman)

(

neg

(project-to (?x)
(?x 2y has-child)))))

T T T T = ?X
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The Projection Operator (2)
Q3: (retrieve (?X)
(and (?x woman)

(neg (project-to (?X)

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

PR N P P A P X
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...SomeSyntactic Sugar

Dueto the new projectionoperatoysome“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)  (borrovedfrom LOOM)
= (neg

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

= (neg

(project-to (?x) (?x ?y has-child)))
now expressiblan termsof project-to
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Querying OWL KBs
OWL datatypeoroperties

<owl:Class rdf:ID="Person">
<rdfs:label>person</rd fs: labe |>
</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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NROL & Datatype Properties

|dea:handleOWL DTP like concretedomain

attributes
? (EYEVE
(?X
(datatype-fillers
(|nttp://www.test.co m/te st. owl #age| 7?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| 7X)) (34))))

ExtendedRacerPro conceptsyntax(expressions
like (and (min 30) (max 35)) onlyrecognized
by nRQL)
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NROL & 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 rdfiID="{">
<my-comment rdf.datatype=
"http://www.w3.0rg/20 01/X MLShe ma#str ing"
>My comment</my-comment>
</person>

A specialheadprojectionoperatorannotations
(told-value) IS providedby nRQL

Similarto queryingfor datatypeoroperties
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Expressvity Problems

Accesgo “datavalues’in OWL docs( llers of
datatype/annotatioproperties)s restricted

from the DL perspectie,only the (extended)
RacerPro conceptexpressiorlanguagecanbe
used

How to retrieve all individualswhich have (CD
attributeor DTP) llers containingsubstringx?

Solution:maintaina datasubstraten parallelto
an ABox

thedatasubstrates usedto automatically
“mirror” the ABox

offer queryaccesgo this substratdy meansof a
hybrid querylanguage nRQL
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Hybrid Queries- Data Substrate

(EQEYE (?X  ?*name ?*age)
(and (?x (and |http://...#person|
(an |http://...#agel)))
(?*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 (*$7x) , rangingover datanodes
Datanodescanalsobe datavaluesin OWL documents
Datanodes/edgelave descriptve labels:kind, role, property ...
Notion of entailmentfor labelsof nodes/edges

Dataqueryatomsarein pos.CNF & containliteralsandpredicates.
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The RCC Substrate

Associatean RCC8(RCC5)network with an
ABOX
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The RCC Substrate

Associatean RCC8(RCC5)network with an
ABOX

(Some)ABox individualshave corresponding

nodesn the network, representingspatial
characteristics”
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The RCC Substrate

Associatean RCC8(RCC5)network with an
ABOX

(Some)ABox individualshave corresponding
nodesn the network, representingspatial
characteristics”

An RCCS8relationis adisjunctionof RCC8base
relationse.g.fDC;ECg! “coarser
knowledge”concerningspatialrelationship
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The RCC Substrate

Associatean RCC8(RCC5)network with an
ABOX

(Some)ABox individualshave corresponding
nodesn the network, representingspatial
characteristics”

An RCCS8relationis adisjunctionof RCC8base
relationse.g.fDC;ECg! “coarser
knowledge”concerningspatialrelationship

RCC8:8 baserelations 2% = 256relations
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The RCC Substrate

Associatean RCC8(RCC5)network with an
ABOX

(Some)ABox individualshave corresponding
nodesn the network, representingspatial
characteristics”

An RCCS8relationis adisjunctionof RCC8base
relationse.g.fDC;ECg! “coarser
knowledge”concerningspatialrelationship

RCC8:8 baserelations 2% = 256relations

JEPDpropertyfor baserelations= jointly
exhaustve, pairwisedisjoint

No knowledgeaboutrelationshipusedisjunction
of all 8 baserelations
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The RCC Substrate (2)

Charateristice®f RCCrelationscapturedoy
“compositiontable”
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The RCC Substrate (2)

Charateristice®f RCCrelationscapturedoy
“compositiontable”

Inferencepatternsof the form
R(X;y) S(y;z)! Ti(Xx;z) _ Th(X; 2)

g%c o0 o0 00 (o

DC EC PO TPP TPPI
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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 DR
DR(b,c) & PO DR PO DR
DR PP Egl DR
PO(b,c) || PO : PO PO
PP PP PP
EQ(b,c) DR PO EQ PP PP
R | o
PP(b,c) || PO PP PP
op PP PP
DR PPI
PPI(b,c) DR PO PP PP *
PP
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The RCC Substrate (2)

Charateristice®f RCCrelationscapturedoy
“compositiontable”

Inferencepatternsof the form
R(X;y) S(y;z)! Tix;z)  _ Ta(X; z2)
Notionsof consisteng:

Constraintsatishction: nd aninstantiationof
the network with baserelationssuchthatthe
compositiontableaxiomsaresatis ed
(requiressearchgxponential)
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The RCC Substrate (2)

Charateristice®f RCCrelationscapturedoy
“compositiontable”

Inferencepatternsof the form
R(X;y) S(y;z)! Tix;z)  _ Ta(X; z2)
Notionsof consisteng:

Polynominalmethodgincomplete):
Constrainfpropagtion, “path or
3-consisteng algorithm”: for all x; y; z,
compute

T(X;z2) =get T(X;2)\ R(X;Yy) S(Y;2)
until xpoint is reached
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The RCC Substrate (2)

Charateristice®f RCCrelationscapturedoy
“compositiontable”

Inferencepatternsof the form
R(X;y) S(y;z)! Tix;z)  _ Ta(X; z2)
Notionsof consisteng:

Spatialrealizabilty: nd aspatialmodel(not
consideredhere)
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The RCC Substrate (3)

NRQL basedn notionof logical consequencex
bindingto avariableis only establisheadf this
bindingholdsin all models(“certainanswer”)
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The RCC Substrate (3)

NRQL basedn notionof logical consequencex
bindingto avariableis only establisheadf this
bindingholdsin all models(“certainanswer”)

QuestionHoldsR(x; y) in all modelsof the
RCCnetwork R?

Not soeasysinceR (or R) cancontainnon-base
relations
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The RCC Substrate (3)

 (B,B): EQ

(B,D) : DR

A - (AA) 1 EQ -

, (C) : EQ

- (D,D) : EQ
=
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The RCC Substrate (3)

. (B,B): EQ

, (CX) : EQ

A,D) : (DR PO EQ PP PPI) D) : (DR PO EQ PP PPI)

" (D,D): EQ
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The RCC Substrate (3)

B
g C° 0

(8,D) : (DR)

, (CX) : (EQ)

D) : (PPI PO DR)

@Pp ©D: (EQ
-
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The RCC Substrate (3)

B
@ C° EQ

B,C) : (PP)
B) : (PP) (B,D) : (DR)

(AA) - (EQ) (A,C) : (PP) - (CX) : (EQ)
\WR) ;D) : (PPI PO DR)

@ ©OD: EQ
D

F DR(A; D)
E PP(A; C)
EfPPI;PO;DRg(C;D)
=S
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The RCC Substrate (3)

NRQL basedn notionof logical consequencex
bindingto avariableis only establisheadf this
bindingholdsin all models(“certainanswer”)

QuestionHoldsR(x; y) in all modelsof the
RCCnetwork R?

Not soeasysinceR (or R) cancontainnon-base
relations

Reductionto satis ability: R F R(X; y) Iff
R [ (RCCnR)(X;y) unsatis able
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NRQL basedn notionof logical consequencex
bindingto avariableis only establisheadf this
bindingholdsin all models(“certainanswer”)
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RCCnetwork R?

Not soeasysinceR (or R) cancontainnon-base
relations

Reductionto satis ability: R F R(X; y) Iff
R [ (RCCnR)(X;y) unsatis able

Much betterRCCcheclersareknown
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The RCC Substrate (3)

NRQL basedn notionof logical consequencex
bindingto avariableis only establisheadf this
bindingholdsin all models(“certainanswer”)

QuestionHoldsR(x; y) in all modelsof the
RCCnetwork R?

Not soeasysinceR (or R) cancontainnon-base
relations

Reductionto satis ability: R F R(X; y) Iff
R [ (RCCnR)(X;y) unsatis able
Much betterRCC checlersareknown

RacerPro handbookRCCsubstrates an
“experimentalhon-essentiaaddon’
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The RCC Substrate (4)



The RCC Substrate (4)

(in-rcc-box geo-example :rccbh)

(implies city  bavarian-city)

(implies software-department

computer-science-dep artm ent )

(implies computer-science-depa rtm ent
university-departmen t)

(implies computer-science-depa rtm ent it-specialists)
(implies it-company  it-specialists)

(implies it-company  company)
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The RCC Substrate (4)

(rcc-node  germany country  country)

(rcc-node  hamburg city city)

(rcc-node  munich bavarian-city bavarian-city)
(rcc-node  harburg district district)

(rcc-node  sts software-department
software-department)

(rcc-node  docomo-euro-labs company it-company)
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The RCC Substrate (4)

(rcc-related
(rcc-related
(rcc-related
(rcc-related
(rcc-related
(rcc-related

germany hamburg :ppi)

germany munich :ppl)

hamburg harburg :ppi)

hamburg munich :dr)

munich docomo-euro-labs .ppi)
hamburg sts :ppi)
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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 STYS)))

DoCoMoEuro-LabsMichaelWessel- p.48/52



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 STYS)))

> (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)))

DoCoMoEuro-LabsMichaelWessel- p.48/52



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 STYS)))

> (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 )
(and (?*x ?*y dr) (?x it-specialists)
(?y it-specialists)
(?*y  ?*z pp) (?z Dbavarian-city)))
(?X STS) (?Y DOCOMO-EURO-LABYS))
((?X DOCOMO-EURO-LABS)?Y STYS)))
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RCC Substrate& OWL?

OWL DL = SHOI N (Dn)

RacerPro supportsSHI N (Dn)
(Nominals,O, approximated)

An OWL KB canbemirroredinto thedata
substratg¢additionalretrieval predicatepossible)

|dea:declarea setof objectpropertiesasspatial
relationshipsthenautomaticallycreatean RCC
substratérom anOWL KB

)  “RCC substrate’additionfor OWL

Alreadyrequestedby a userof RacerPro, but not
Implementedyet
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Reasoningabout Queries

Queryconsistenyg
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Reasoningabout Queries

Queryconsistenyg

Two kindsof conjuncts*RCC” and“ABox
assertion’'conjuncts
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Reasoningabout Queries
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conjunctsyeplacingvariableswith
iIndividuals,checkfor ABox satis ability
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Reasoningabout Queries

Queryconsisteng

Two kind

sof conjunctsRCC” and“ABox

assertion’conjuncts
Checksatis abilty seperately

ABox assertionsconstructan ABox from the
conjunctsyeplacingvariableswith
iIndividuals,checkfor ABox satis ability

RCCconjunctscconstructan RCCsubstrate

andchec

KIts consisteng
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Reasoninga

bout Queries

Queryconsisteng

Two kindsof conjuncts*RCC” and“ABox
assertion’'conjuncts

Checksatis abilty seperately

ABox assertionsconstructan ABox from the
conjunctsyeplacingvariableswith
iIndividuals,checkfor ABox satis ability

RCCconjunctscconstructan RCCsubstrate

andchec
Conjectu

KIts consisteng
resomehw “weak” sinceno

Interaction but quite usefulin this scenario
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Reasoningabout Queries

Queryconsistenyg

) Reductionto appropriatéABox / RCC
consisteng checks
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Reasoningabout Queries

Queryconsisteny

) Reductionto appropriatéABox / RCC
consisteng checks

Hybrid querycontainment

DoCoMoEuro-LabsMichaelWessel- p.50/52



Reasoningabout Queries

Queryconsistenyg

) Reductionto appropriatéABox / RCC
consisteng checks

Hybrid querycontainment
guery(?germany; ?city ; ?sea)
germany(?germany );f ederal _division (?division );
german_city (?city ); (baltic_seet north_sea)(?sea );

PPI(?germay?dvision), PPI(?dvision,?city),

DR(?dvision,?sea

N

=

query(?country; ?city ; 0cean)
country(?country ); city (?city ); ocearn(?ocean );
DR(?ocean,?city PPI(?country?city)
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Reasoningabout Queries

germany country Q

PPI

DR
fed_div. sea [T PP Q ocean

PPI

DR
german_city city

Two gqueries doesGreenentail Blue?
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Reasoningabout Queries

germany country Q

PPI
baltic_sea PPI
\/ north_sea ocean

DR

fed_div.

german_city city

Adding entailedconstraintdor Green
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Reasoningabout Queries

germany country Q
PPI
sea 1 Q ocean

DR

fed_div.

german_city city
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Reasoningabout Queries

germany country Q
PPI
sea PP Q ocean

DR

fed_div.

german_city city
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Reasoningabout Queries

germany

PPI PPI

fed_div.

country Q

DR

sea’ ! Q ocean
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Reasoningabout Queries

countr
PPI

fed_div.

Sea
ocean
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Reasoningabout Queries

erman
ountr
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Reasoningabout Queries

germany
> country

PPI
fed_div. baltic_sea \/ north_sea
> ocean
german__city
> Ccity

Match- Greenis morespeci c thanBlue
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Reasoningabout Queries

Queryconsisteng

) Reductionto appropriatéABox / RCC
consisteng checks

Hybrid querycontainment
) By reductionto queryconsisteny
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Reasoningabout Queries

Queryconsisteng

) Reductionto appropriatéABox / RCC
consisteng checks

Hybrid querycontainment
) By reductionto queryconsisteny
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Conclusion

Handlingof spacauy logical meangs dif cult

Standard-DL®r languagesuchasOWL arenot
tailoredfor this purpose

Goodfor thematicaspects

Tailoredspatiallanguageshouldbe decidable
(con ict: expressveness/s. decidability)

The OWL “standardontologies”for GIS (found
ontheweb)canbeunderstoodsdataschema
speci cationsfor GIS data,reasoningzoncerning
the spatialaspectss notaddressed

RacerPro supports'spatialreasoning’only in
thequeryansweringengine
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Thanks
for your
attention!
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