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RacerProis...

...a Description Logic System for
ALCOHIR+(D™) (aka SHZQ(D™))

TBox: Terminological Box, defines domain

vocabulary: “A mother Is a woman and a
parent”

Ontology: Formal Specification of a
Conceptualization (Gruber)

ABox: Assertional Box, “Intelligent
Database”, Individuals and Relationships

Reasoning about descriptions and information

“Mother without children” = %

“Betty Is a female human with a child” =
“Betty I1s a mother”
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RacerProis...

...a Semantic Web reasoning engine and
repository, supports W3C standards

Web Ontology Language
OWL Lite
OWL DL (=~ SHOZQ(Dn))

Resource Description Framework (RDF)

Preliminary support for OWL QL
(RacerManager semantic middleware)
www . sts-tu-harburg.de/ at.kaya/racerManager

Preliminary support for SWRL
Expressive query language nRQL

ABox guery language

RDF & OWL query language
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Hacer

RacerPro: System Overview

~ov' mmicatfan
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OWL Reasoning

“A vegetarian Is defined as an animal that eats no
other animals, or parts of animals.”

“Cows are naturally vegetarians”

“A mad cow Is a cow that has been eating the
brains of sheep.”

“Sheep are animals.”
= “There are no mad cows!” (inference)

OWL modeling support with RacerPro:

Identification of inconsistent classes during
modeling (e.g. “mad cow”)

Computation of logically implied inheritance
relationships (“Taxonomy”)
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OWL Modeling with Protege

beta

people-pets Protilgll

File

ODERE <+

Edit  Project OWL

Code

By 2

Tools

¢9

(file:/home/mi.wessel/people-pets.pprj
Window Help

PEE E B

B B B 4+ %

OWL Files (.owl or .rdf))

( 0 OWlClasses I“-P(
SUBCLASS EXFLORER

For Project: 4 people-pets For Project @ people-pets For Class: 9 mad_cow (instance of owl:Class)
[ ; Ll = Tl
Asserted Hierarchy e 'f% % o & Inferred H rehy & = [ MName | D.-—\nnolmions
owl:Thing = owl:Thing i) |mad_cow |u Property Value | Lang
» @ adutt > @ adult ) rdfs:comment A mad cowis a cowthat h._,
v @ animal ¥ © Axiom_1 rdfs:comment e relfsilabal mad.cow
animal
® cat ¥ Q A mad cowis a cowthat has been eating the brains of
@ duck O cat sheep.
@ giraffe @ deg
p @ person @ duck
@ sheep p @ person
. et B T
@ tiger ep Asserted | Inferre B Froperties o P, fg“? @
¥ & vegetarian @ tiger & @ v [@eas
v @ cow ¥ & vegetarian Asserted Conditions %: & ;
E) brain and (part_of some sheep)
) mad_cow v @ cow NECESSARY & SUFFICIENT : -
[” @ cow not animal [from
Axi 1 3 I E
? b::,em_ @ giraffe £) eats some (brain and (part_of some sheep)) not (part_of some animal)  [from vegetarian]
o owl:Thin [from animal]
@ brain @ sheep HECESSARY a Sl aniE
INHERITED
bone
» @ company ® Hig eats only not animal [from vegetarian
. dog 0 FRll eats only not (part_of some animal) [from etari
v @ female > @ company eats some owl:Thing [from animal 4] [ I
& old_lady p ) female
haul ki
& woman b © haulage_worker @P Disjoints @ % % 2 )
&) haulage_worker I © leaf
@ leal > @ male
p @ male b @ plant B
& per p @ publication
Blant (| |p @ vehicle I+
I EE [T+
% |'| . B B ® ) Logic View () Properties Wiew
F . 4
| Class Changed direct superclasses
) animal Moved from owd:Thing to Axiom_1 |~
Q animal_lover Moved from personto pet_owner
&) bus_driver Moved from person to driver
e cat_owner Moved from person to cat_liker, pet_owner
0 dog Mowed from owd:Thing to animal
e dog_owner Mowved from personto pet_owner, dog_liker
e driver Moved from adult, person to grownup
Q giraffe Mowed from animal to vegetarian
% haulage_truck_driver Moved from person to haulage_worker, driver
Q lorry_driver Mowved from person to driver s
& ) mad_cow Inconsiztent
@ man Moved from persan, adult to grownup
? old_lady Mowed from person., female Fo WO an, cat_owner |

|-| |Co ) Classification Results
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Ontology Based Querying

Benefits: Use domain specific vocabulary for
queries

Detection of inconsistent queries

Handling of incomplete and unknown
Information
Example:
“Minnie is known to be elderly and female”
= “Minnie is an old lady!” (inference)
“Minnie has Tom as a pet”
Nothing Is known about Tom

= “Tom must be a cat, since old ladies are cat
lovers!” (inference)
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RacerPorter GUI

& RacerPorter &

Shell |Cunsule |TBuxes |ABuxes |Taunmnum3|r |Ru|e Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |Assertiuns | Queries |Rules |ﬂhDUt|

rlzlcer Hejrecir
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Minnie is elderly and female

M RacerPorter ;3—gm

Shell |Cunsule |TBuxes |ABuxes |Taunmnum3|r !Rule Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |HS'SEFUDHS | Queries |Rules |ﬂ.buut|
TBox ABox

I people—pets, owl | people—pets. owl

Concept | (51d_Tady) Hile |

Individoal | i o Query /Rulle |

I Simplify Names

[ |

(Daily Mirror *TOP+)
(Daily Mirror *TOP*)
(Dewey duck)

(Fido dog)

(Flossie cow)
(Fluffy tiger)

(Fred person)

(Huey duck)

{(Joe (AT-MOST 1 has pet))
{(Joe person)

(Eevin person)
(Lovie duck)

Mick male)

{
(Minnie fen !

-(M:i.mlie elderly

(0123_ABC white thing)

(0123_ABC warn)

(Rex dog)

(Thed2 (SOME service number (EQUAL RACER-INTERNALZHAS-INTEGER-VALUE 42)))
(Thed? bus) =
{The_Guardian broadsheet)
{The_Sun tabloid)

{The Times broadsheet)

= P

> Concept & < Role & « &ttribute & < Constraint & « @nnotation CA - Snnotation RA

Refresh| Clear Log| Quit|

RacerPro Log

CClhttp: /S w3, 0rg /2000001 frdf—schemaflabel | "Minnie"))
Clhttp: A w3 oorg/ 200001 f rdf—schemagcomnent | C""302
s ANNCOTATION-DATATYPE—PROPERTY—FILLERS
COlhttp: /A w3 0rg/ 2000701 f rdf—schemaflabel | ("Minnie"d)
Clhttp: Sfvem w3 org/ 2000701 f rdf—schematcomment | C""30)
O s ANNOTATION-PROPERTY—FILLERS
HMIL
:DIRECT-TYPES
s TO-BE-COMPUTED )

L

ol
!
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Minnie has Tom as a pet

& RacerPorter o5

Shell |Cunsule |TBuxes |ABuxes |Taunmnum3|r |Ru|e Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |HS'SEFUDHS | Queries |Rules |ﬂ.buut|
TBox ABox

=ik

I people—pets, owl | people—pets. owl

Concept | (51d_Tady) Hile |

Individual |,.h-nm-E Query / Rule '

I Simplify Names

[ |

{(Fred Tikhs) has_pet)
({Joe Fido) has_pet)

{(Mick Daily Mirror) reads)
((Mick 0123 ARC) driwves)
WAI 7 1
[ Rex Mick) ia pet _of)
{(Walt Louie) has_pet)
{(Walt Dewey) has_pet)
{{Walt Huey) has pet)

«w Concept & <~ Role A < Attribute & < Constraint & < Annotation CA < Annotation RA

Refresh| Clear Log| Quit|

RacerPro Log

CClhttp: /S w3, 0rg /2000001 frdf—schemaflabel | "Minnie"))
Clhttp: A w3 oorg/ 200001 f rdf—schemagcomnent | C""302
s ANNCOTATION-DATATYPE—PROPERTY—FILLERS
COlhttp: /A w3 0rg/ 2000701 f rdf—schemaflabel | ("Minnie"d)
Clhttp: Sfvem w3 org/ 2000701 f rdf—schematcomment | C""30)
O s ANNOTATION-PROPERTY—FILLERS
HMIL
:DIRECT-TYPES
s TO-BE-COMPUTED )

L

ol
!
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Definition of concept old lady

M RacerPorter ;;a—gm

Shell |Cunsule |TBuxes |ABuxes |Taxnnomy iRuIe Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |Assertiuns | Queries |Rules |ﬂ.buut|
TBox ABox

|peup1e—pet5.0w1

|peap1e—pets.0w1

Concept | (51d_Tady) Hile |

Individoal | i o Query /Rulle |

I© Simplify Names

[ |

(female) —(woman) —(old_lady)

{male) ——(man} —(white_van_man]

pihaulage_workerd) ——Chaulage_truck_driver)

| {broadsheet) ——(quality_broadsheet)
bipublication) <(newgpaper) ezittalﬂm'd) —(red_top)

{magazine)

Jli ki te_thingd
fleafd

Cworman) —— (old_lady)

{man) — {white_van_man]
i Cgronnup) (van_driver) ——(white_van_man)
| — SR €é§§(1orry_dr1ver)

{bus_driver) -
Chaulage_truck_driver)
Celderly) —[NKMRE

Chicycled

{(lorry)

{truck)

{car)

{bus

[vand

(haulage_company]
Leampany ¥ q:::(hus_cumpany)
{brain)

Fhanat A
I"-l l=
Tree Depth | UHEOUNDED II “~Tree « Graph 1 Bottom? “™ Horizontally - Vertically

{vehiclel

C*TOP* TOP)

Fucusl Resetl ClearLugl Conecept Queryl Cuherent?l Classifyl Quitl

RacerPro Log

TOLD—PRIMITIVE-DEFIMNITION
(AND (OR (AND (ALL
|http://cohse . semanticweb. org/ontol ogies/peopletthas_pet|
|http:/fcohse . semanticweb. org/ontol ogies/peopleticac])
(SOME |http://cohse. semanticweb . org/ontol ogies/peop] ethas_pet |
|http://cohse. semanticweb  orgfontol ogies/peoplefaninal [)])
(AND [http://cohse.semanticweb.org/ontologies/peopleiperson]
|http://cohse. semanticweb.org/ontol ogies/peopleifemnalel
|http://cohse. senanticweb.orgfontologies/peoplettelderly )l —
L SYNOHYMS /

L
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Minnie Is an old lady!

Shell |Cunsule |TBuxes |ABuxes |Taxonom3f |Ru|e Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |Assertiuns | Queries |Rules |ﬂ.buut|
people—petsa. ow people—pets2, ow
TBox 1 1 ABox 1 1
Concept | (51d_Tady) Hile |
Individual | Query { Rule '
I© Simplify Names
(female) —(woman) —(old_lady) &
{male) ——(man} —(white_van_man]
pihaulage_workerd) ——Chaulage_truck_driver)
{broadsheet) ——(quality_broadsheet)
{iipublication) <(newgpaper) ezittalﬂm'd) —(red_top}
1 {magazine)
Jli ki te_thingd
fleafd
Cworman) —— (old_lady)
{man) — {white_van_man]
i Carownup) (van_driver) — (white_van_man)
| : Clorry_driver)
fadult) bibe Ll é(bus_driver) -
Chaulage_truck_driver)
Celderly) —[NKMRE
Chicycled
{(lorry)
i {truck)
{vehiclel fadn
{bus
C+TOP® TOP) [vand
(haulage_company]
Ceompant {(hus_cumpany)
{baonel
Funnmnt —— LA d3 A
I"-l l=
Tree Depth ] UHEOUNDED II “*Tree . Graph I Bottom? “* Horizontally - Vertically
Fucusl Resetl ClearLugl Conecept Queryl Cuherent?l Classifyl Quitl
RacerPro Log
CC#BOTTOM* BOTTOM)) ) [
37 (IEETI]?IEU'E
X
(?X lhttp://cohse. semanticweb . org/ontologies/peopleftold_lady|)
:ABDX
| /home/mi . wessel/people-pets2.owl |)
i > (((?X |http://cohse.senanticweb. org/ontologies/peoplefinniel)))
7
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Graphical network display

Lui RacerPorter 'Q“—Eﬂ

Shell |Cunsule |TBuxes |ABuxes |Taunmnum3|r |Ru|e Hierarchy |Netwoﬁ< |Cnncepts |Ru|es |Individua]s |Assertiuns | Queries |Rules |ﬂ.buut|
TBox I people—pets, owl ABox I people—pets, owl
Concept | (51d_Tady) Hile |
Individnal | iinndls Query / Rule '
I© Simplify Names
The_Times =
The_Sun
Flossie
The_tuardian
Fluffy
Kewin
Thedz
Fido —{is_pet_ofleTog
; 1 23_ARC
Rex —Cis_pet_of) mick =012
™Dpaily_Mirror
Tibhs —{is_pet_ofl=Ffred
: __(likes has_pet)™ Dewey
Huey —(is_pet_ofd®halt =jje. has_petd, .
Loufe
Tom —{is_pet_of) = FiTTHER
7|
I"-l l=
Tree Depth I1 ﬂ e Tree “* Graph Transitive? I Selected Roles (Roles Tabd? “™ Horizontally - Vertically
Fucusl Resetl Clear Lugl Direct Typesl All Typesl Cunsistent?l Realizel Quitl
RacerPro Log
|http: /fcohse. semanticweb. orgfontalogies/peopl efifemale] ) K
tROLE—FILLERS]
((Ihttp://cohse . semanticweb . orgfontologies/peopletthas_pet|
( Ihttp://cohse. semanticweb . orgfontol ogies/peopleliTom|))
Clhttp: ffcohse. semanticweb. orgfontologies/peopl eflikes|
Clhttp: ffcohse. semanticweb. orgfontologies/peopledTom] 303
s TOLD—-ATTRIBUTE-FILLERS
MIL
s TOLD-DATATYPE—FILLERS -
CClhttp: A3, 0rg/2000/01 /rdf—schemaflabel | ("Minnie"}) /
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No knowl

edge concerning Tom

& RacerPorter o5

=ik

Shell |Cunsule |TBuxes |ABuxes |Taunmnum3|r iRuIe Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |HS'SEFUDHS | Queries |Rules |ﬂ.buut|

TBox

| people—pets, owl

ABox | people—pets. owl

Concept I 0]

d_T ady) Role |

Individual | 7oy Query /Rulle |

I Simplify Names

(Flozsie cow)
(Fluffy tiger)
(Fred person)
(Huey duck)

(Joe person)
(Kevin person)
(Louie duck)
(Mick male)
(Minnie female)
(Minnie elderly)

(0123_ARC wan)
(Rezx dog)

{Thed? bus)
(The Sun tabloid)
{(Tibhs cat)
(Tom *TOE+)

{Tom *TOR+)
(Walt person)

(Joe (AT-MOST 1 has pet))

(0123 ARC white thing)

(Thed2 (SOME service_number (EQUAL RACER-INTERNALZHAS-INTEGER-VALUE 42)))
{(The Guardian broadsheet)

(The_Times broadsheet)

[ |

I~

RacerPro Log

“ Concept A < Role & < Attribute & < Constraint & - fnnotation C& < Annotation RA

Refresh| Clear Log| M

{ASSERTIONS

:ROLE-FILLERS
((|http://coh

{Ihttp:f/co
s TOLD-ATTRIBU
HIL

23 > (|http://cohse. semanticueh. org/ontologies/peopl e Tom|

((|http://cohse. semanticweb.orgfontologies/peopleftTom| *TOP*)
(Ihttp://cohse.semanticweb.org/ontologies/peoplesiTom| *ToP+))H

= |

se.semanticweb.orgfontologies/peopletis_pet_of |
hse. semanticweb, org/ontologies/peopleddinnie| 3]
TE-FILLERS

'
|
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Tom Is a cat!

Y R TP O T T R 1 o

Shell |Cunsule | TBoxes | ABoxes |Taunmnum3|r |Ru|e Hierarchy |Netwurk | concepts | Roles |Indiviuuals |Assertiuns | Queries |Rules |ﬂ.buut|
TBox ABox

I people—pets, owl I people—pets. owl

Concept I Role I

Individual |T0m Query / Rule '

I Simplify Names

[ |

Daily Mirror
Dewey

Fido

Flossie
Fluffy

Fred

Huey

JIoe

Kewvin

Louie

Mick

Minnie

0123 ARG
Fex

Thed?Z

The Guardian
The Sun

The Times
Tibhs

Walt

l"J J=
Refresh| Clear Log| Direct Types| All Types| Consistent?| Realize| Quit]

RacerPro Log
tTO-BE—COMPUTED)

L

24 7 (INDINIDUAL-TYPES
|http://cohse. semanticweb. org/ontol ogies/peopletiTon| )
24 > ((|http://cohse. semanticweb . org/ontologies/peopletcat])
{ |http:/fcohse. semanticweb . org/ontologies/peopleftanimal [
(+*TOP* TOP)
(Ihttp://cohse.semanticweb. orgfontologies/peoplettpet|))

ol
!
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Highlighting “types” of Tom

& RacerPorter o5

=ik

Shell |Cunsule |TBuxes |ABuxes |Taxonom3f |Ru|e Hierarchy |Netwurk |Cnncepts |Ru|es |Individua]s |Assertiuns | Queries |Rules |ﬂ.buut|
TBox I people—pets, owl ABox | people—pets, owl
Concept I {atd Role I
Individual |T0m Query / Rule '
7 Simplify Mames
 Cbrain i
{bone)
fyouna) ——(kid)
(grass)
{plant) {(tree)
{dog_liker) ——(dog_ownaer)
{kid)
{doa_owner)
(pet owner) Fanimal Tover?
fcat_owner) ——(old_Tady)
(woman) —(old_Tady)
tRerson) {man) — (white_van_man]
tarmnun? Tvan driverd —{white van man?
. Clarry_driver)
tartver) <(hu5_dr1’ver)
rhaulanse truck driver)
fcat_likerd —(cat_owner) ——{old_lady)
Carimal ) [pet]
(vegetarian) —(cow)
(tiger)
Cduck)
(dog)
il
I"-l l=
Tree Depth ] UHEOUNDED II “*Tree . Graph I Bottom? “* Horizontally - Vertically
Fucusl Resetl ClearLugl Conecept Queryl Cuherent?l Classifyl Quitl
RacerPro Log
BOTTOMI ) K
E6 7 (I(RETI]?IEU'E
X
(?X lhttp://cohse. semanticweb . org/ontol ogies/peoplelicat])
:ABDX
| /home/mi . wessel/people-pets.owl|)
26 > (((2X Ihttp://cohse.senanticweb.orgfontologies/peopleiTibbs|))
((?X |http://cohse.senanticweb.org/ontol ogies/peopleiTonl))) =
'
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Graphical OWL Querying
OWL Tree: Graphical interactive query
composition and result browsing

Background ontology: Lehigh University
Benchmark (LUBM) Ontology

Modeling of a university (classes for professors,
courses, students, ...)

“Real” web resources — “real” Semantic Web
application!

Queries are translated into nRQL queries,
processed by RacerPro w.r.t. the background
ontology

Presentation given by RIKA students (?)

owltree.in-terminus.net/0OWLTree/1ndex. jsp
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LUBM Background Ontology

& RacerPorter o5

Shell |Cnnsule |Tanes |ABuxes | Taxonomy ! Role Hierarchy | Hetwrork | Concepts |Rules |Individuals Assertions |Quer‘ies |Hules |ﬂhuut|

——

TBox l univ—hench. owl ABox I univ—bench. owl
Concept l Role I

Individual I

Query / Rula l

I© Simplify Mames

RacerPro Log

(TeachingAssistant) S
{Undergraduatestudent)
sl 6:::[Graduatestudent]
(Director)
{Person) (Researchéssistant)
s ; (SystemsStaff)
Cadministrativestaff) {:::(C1er1ca15taff)
i (MisitingProfessord
tnglgpee] CFullProfessor)
(AssociateProfessord
et (AssistantProfessor)
[Dean)
(Facultyd (Chaird
(PostDhoc)
(Lecturer)
(Schedulel
[Institute)
(*TOP* TOP) {Program)
y ; (College)
[0rganization) Chenarient)
(Universityd
(ResearchGroup)
tUnofficialPublication)
{Specification)
{Manuall
; ; {Book)
e {TechnicalReport)
Carticleld (Tournalérticleld
(ConferencePaper)
(Softwarae]
{Research)
(Waric) cz::[Cnurse] —(GraduateCourse]
.
=~ J=
Tree Depth imj “*Tree «-Graph o Bottom? “* Horizontally - Merfically
Fncusl Resetl ClearLugl Conecept Quergrl Cnherent?l Classifyl Qu.itl
RacerP

rr
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Interactive Query Composition

L http://owltree.in-terminus.net/OWLTree/index.jsp - KONGUETOT s o s ki 5|
Dokument Bearbeiten Ansicht Gehe zu lLesezeichen Extras Einstellungen FEenster Hilfe
QRO0 O SIRaQ ae [

E» Adresse: [*_“:univ-bench.owl%z3GraduateCourse&-addconcept.x=8&addconcept.y=11 ¥ | 0

3 SuSE, 9] eBay Deutschland V...ste: michaelwessel _JJ, CodeWeavers - Account 4 file:/home »

OWL-Tree

University Information System

Welcome to the homepage of the new university information
system. The date you will see here is no real-life data.
Currently this are only dummy information. Thanks for your
understanding.

Enable expert mode

FullProfessor|& &3

L |teacher0f| |GraduateCou rse‘ﬂ +)

Your choice:

Absenden
« Start the query by

clicking "submit query”
+ Add a new Branchon a
nede by clicking on the

CGet a url {link) to preserve the complete state.:

If you want to throw away the complete tree ! plus sign (+) next to it
and start all over please click <<here>>. E * Delete a branch by
: clicking the minus sign
(-} nextto it
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uery Result

L http://owltree.in-terminus.net/OWLTree/queryresultjsp - Konqueror
Dokument Bearbeiten Ansicht Gehe zu lLesezeichen Extras Einstellungen FEenster Hilfe

B> Adresse: [*_“ http://owltree.in-terminus.net/OWLTree/queryresult.jsp ¥

3 SuSE, 9] eBay Deutschland V...ste: michaelwessel _JJ, CodeWeavers - Account 4 file:(home »

OWL-Tree

University Information System

FullProfessor| %

L |teacheer| |GraduateCourse| X/

Show selected nodes Zurucksetzen

E” FullProfessor H GraduateCourse

Prof. Dr. Joachim W. Schmidt || Einf?hrung in Datenbanksysieme
0 Details Details

Prof. Dr. Joachim W. Schmidt || GraduateCourse1

1 Details Details
Prof. Dr. Ralf M?ller GraduateCourse2
2 Details Details
FullProfessor? GraduateCourse3
3 Details Details
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Ontology-based GIS

DLMAPS = Description Logic Maps

Map Data (€ Amt flr Geoinformation und
Vermessung Hamburg

DISK (“Digitale Stadtkarte”)

Uses RacerPro as ontology server and reasoning
engine

Remodeling of “Objektschlisselkatalog”
(geographic categories) as RacerPro ontology

Representation of map objects in an ABox
Hybrid representation: additional spatial layer
Spatio-thematic hybrid queries

www.sts.tu-harburg.de/ mi.wessel/dImaps/diImaps.html
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