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Why Description Logics?

 Formal

- suitable as ontology languages (Gruber definition)
 Well-understood

- semantics, complexity, implemention techniques
 Family

- somplexity scalable (e.g., lightweight DLs)
« Decidable

- unlike FOPL
e Basis for Semantic Web (OWL2, ...)

 Many tools available
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Description Logics : Basic Notions

« Based on first order-logic

- but variable-free and decidable
- concept languages, class-based KR
 Central notions:

- concept (OWL: class): unary predicate

- role (OWL: property, RDF: predicate): binary
predicate / relation

- Abox individual: constant

— Container data structures:

« TBox: Set of terminological + role axioms:
C(x) = D(x), C(x) < D(x)

« ABox: individuals and relations: C(i), R(i,j)
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Architecture of a DL System

TELL
betty : mother

motherCwoman

ABox

betty : mother
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ABox Inference Services

« Abox satisfiability (w.r.t. a possibly empty TBox)

- does the Abox have a model?
{betty : —parent, betty : person, (betty, charles) : has_child}
« Individual / ABox realization

- compute the (most specific) concept names an
individual is an instance of, e.g. in

{betty : person, (betty, charles) : has_child}

it is realized that betty is an instance of parent
« Instance checking: is betty and instance of parent?

« Role filler checking: is charles a filler (successor)
of the has_child role of betty ?
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Recognition of Spatial Concepts
(19906, Classic DL)

File Tools Manipulate Reasoning Concepts Spatial
Element:
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Petri Nets

File Tools Manipulate Reasoning Concepts Spatial

Element:

Style:

Thickness:
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Ohiect INFO-FOINT = 16, Slot KTRAMS
Ohiect INFO-FOINT = 18, Slot YTRANS
Ohiect INFO-FOINT = 16, Slot DISJOINT-WITH
Ohiect INFO-FOINT = 16, Slot INTERSECTS-C
Ohiect INFO-FOINT = 18, Slot TOUCHING-0E
Ohiect INFO-FOINT = 17, Slot CALC-EMNDFO
Ohiect INFO-FOINT = 17, Slot KTRANS

Ohiect INFO-FOINT = 17, Slot VTRANS

Ohiect INFO-FOINT = 17, Slot DISJOINT-WITE
Ohiect INFO-FOINT = 17, Slot INTERSECTS-C
Ohiect INFO-FOINT = 17, Slot TOUCHING-0E
Ohiect G-SPLINE-CHAIN =15, Slot KTRANS
Ohiect G-SFLINE-CHAIN =15, Slot YTRANS
Ohject G-SPLINE-CHAIM = 15, Slot DISJOIN
Ohiect G-SFLINE-CHAIN =15, Slot INTERSE
Ohiect G-SPLINE-CHAIM =15, Slot TOUCHIM
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Ohiect G-SFLINE-CHAIN =15, Slot CALC-E
Ohiect INFO-FOINT = 13, Slot CALC-STARTP
Ohiect INFO=-FOINT = 13, Slot KTRAMS

Ohiject INFO-FOINT = 13, Slot VTRANS

Ohiect INFO-FOINT = 13, Slot DISIOINT-WITE
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142 e .-‘.LT—P‘T.I.:E:CEE ‘NOR PLACE + Information: Object INFO-FOINT = 13, Slot INTERSECTS-C
“gm bt b8 P LAGE WATH - G PACITY 63 + Infarmation: Obiect INFO-POINT = 13, Slot TOUCHING-0E
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ER Diagrams

File Tools Manipulate Reasoning Concepts Spatial
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Example TBox Definitions -
Abox Realization for Recognition

An entity is a rectangl
touches at least one rel
some attribute-entity ¢
least one diamond.

named_region =
(region A (d_1 containi

entity =
(rectangle A named_region A
(-1 touching relationship_entity) A
v touching (attribute_entity V relationship_entity)) A

(

(3.1 linked_with diamond) A + ABox for

(V linked_with (circle v diamond))) Cpncrete
diagram
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[Lessons [L.earned

« Inexpressivity of CLASSIC: hacks required (disjunction, qualified
subroles, rules for ,qualified subroles”, ...) = motivation for
Racer

« DL problem: we cannot recognize composite aggregates (e.g.,
whole ER diagrams or petri nets), only ,, placeholder individuals”

« CLASSIC performance: lots of spatial role relationships (disjoint!)
— 40 minutes for realization... - motivation for Racer

« DL problem: open world assumption - forall usually not satisfied
« Criticism - why use DLs at all for that??

- just used SQL queries or Datalog

- we don't get the desired subsumption relationships between
spatial concepts, as spatial relationships not properly
axiomatized

— work on spatial DLs
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@ DLs with Spatial Semantics

« Example of a desired subsumption relationship

- Lake strictly contained in forest (NTPP)

- House at (EC) lake strictly contained in forest not
overlapping forest (,,PO")

- House at lake not overlappmg forest
is subconcept of house prest
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1998 - DLs with Spatial Semantics

- Lutz, Moeller, Haarslev: ALCRP(S,)

- a DL with spatial concrete domains

« concrete domain objects = spatial regions are
connected to abstract domain objects of the DL via
functions

» properties between spatial objects induced roles /
relations between corresponding abstract objects

» the concrete geometry does not need to be known!

Abstract Domain

NTPPI role Has-area

Function

Concrete Spatial Domain / Feature
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2001 - DLs with Spatial Semantics

e Wessel

 DLs with complex role axioms of the form

forall x,y,z : R(x,y) /\ S(v,z) - T1(x,2) V T2 ...
(undecidable in general)

* no concrete domains, but RCC relations
axiomatized according to the RCC composition
tables

« some decidable fragments found (Rccl ... Rcc3)
« RCC5 and RCCS8 undecidable (Lutz + Wolter)
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Composition Axioms

- ) - -
e ® ® 0 e
a b c -
DC/(a,c) EC(a,c¢) PO(a,c) TPP(a,c) TPPI(a,c)
Given EC(a,b), EC (b, c), what do we know about the
relationship between a and c¢? Lookup EC o EC in the
RCC8 composition-table:

Ve,y,z: EC(z,y) N EC(y,2) =
(DC(xz,z)VEC(z,z)VPO(xz,2)V
TPP(xz,z)V TPPI(z,z))

ECoECL DCUECUPOUTPPUTPPI

23.06.13 Michael Wessel
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RCC8 Composition Table

PO PO DC TPPI
EC(b. DC EC
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o TPP p | NTPP TPP NT-
oo | NTPP TPPI PPl
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NTPP(b.o) || PO TPP TPP NTPP NTPP TPP NTPP NTPP
TPP NTPP | NTPP NTPP NT-
NTPP PPl
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e o
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e - o EC TPPI
TPPI(b.c) DC PO NT- NTPPI TPPI
EC TPPI TPP
TPP PPI
NT- TPPI e
PP EQ :
L |BLM
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NTPPIb.c) || DC pc | PO . NTPPI NTPPI NTPPI
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2000: Image Interpretation with
Default Rules and ALCRP(Ss)

« In real life image interpretation applications, ,recognition by
entailment (e.qg., Abox realization)” does not work

* Db is an unknown region - what can it be?

//Y\b |
| ﬂ k ICitg,,r'.?‘ A

Country! yf N
\ ? w Cnunwﬁegin%
Can b be a city? No!

- each city must be contained in exactly one country
- countries don't overlap — b cannot be a city

« ,Image Interpretation as Model Construction” (completion)

« or unsound reasoning, e.g., default rules that hypothesize
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ALCRP(S2) KB and Default Rules

country = country_region N Yeontains.—country_region
Yoverlaps.—country_region MYinside.~country_region
city = city_region I dinside.country_region
lake T lake_region
river = river_region NYoverlaps.—lake_region M Yinside.=lake_region

area : city area : lake area : country
dy = , do = . dy =

city lake ’ country
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2003 - Deductive GIS with DLs

e Lessons learned:

spatial reasoning on the intensional (Tbox) level too difficult
if quantification over spatial relations permitted ...

... Or to inexpressive

— work on the extensional level instead ;-)

many interesting problems on the extensional level too

large Aboxes - many regions, many relations — use Racer
(by then, Racer had a reputation of dealing well with large
ABoxes)

to recognize spatial constellations: expressive Abox query
language (— nRQL)

« spatio-thematic complex queries

* hybrid system with, , on thy fly evaluation” of QSR from
geometry, tightly integrated into a DL reasoner, ...

23.06.13
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DLMAPS - Hybrid Architecture

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 lake

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) ...
park_wa_lake —> park & some cont. lake

Extensional Component

Concrete Geometry

)
£
= i
E
hd -
- J ",
i ! o
- V il
" y
:.. —
—
.
i
= = T
[ » s e
P COoniains
=

adjacent 4 - { lake

115]0111

living_area school

Qualitative Description
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Spatio-Thematic Hybrid Queries

(retrieve (?*x ?2*y)
(and (?*x
(and living-area
(all living-quality
first-class-area)))

(?y ?X (:1inside-distance 750))
(?*y subway-station)
(?x ?y :adjacent)
(?*y golf-club)
(?y (:area 10000000 nil))))

« hybrid: ?*x DL query atom, ?x spatial atom
« thematic, qualitative + quantiative spatial aspects

« composition-table based RCC reasoning

« cost-based optimizer
(reused for ,, Abox-based” conjunctive queries in AURA)

23.06.13 Michael Wessel
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DLMAPS - Map Viewer
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DLMAPS - Query Answering
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- Partners & Friends

October 2004 - today
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HaceriPro - Architecture & History

» Started as Racer at the University
of Hamburg in 1998, project of
Volker Haarslev & Ralf Moller

« First description logic (DL)
reasoner ,,0of the new generation”
of highly optimized DL systems
with ABox (individuals, relations)

* One of the first OWL_DL (-)
systems (2002), DL HI&(D)

« Commercial offspring RacerPro
by Racer Systems (2004 - today)

« Expressive query language nRQL

« First DL system that could give
complete answers to the
LUBM Benchmark queries (2004)

» First DL system with inference-
aware SWRL & SPARQL

 Main memory-based

* Recently: Integrated AllegroGraph

* Some special-purpose
representations and reasoning

» Free for education & research

23.06.13
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How Do I Get RacerPro ?

e WwWWw.racer-systems.com

there is the 2.0 preview
version

- no license required

- to be finalized soon

« Latest activities
- Protege 4.3 plugin
(Ulm / Derivo GmbH)
- EL consequence-
based reasoning

- OntoLisp framework

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

& o - 2 0 @ |7 ntpwwwracer-systems.comidefindex.phtmi?lang - [*f~

[& Meistbesuchte Seiten~ FopenSUSE ~ fGetting Started [&]Latest Headlines » [ Moazilla Firefox »

| Racer Systems GmbH & Co. ... | 4

-

—nacer—wroduktel—'DownloadsHUber unsHAktueIIesHKontaktHlmpressuml—

Home
Produkte
Services
Technologie
Unternehmen
Website

Alle Urtermeniis zeigen

erung: 1
[ Kemmentar zi

der OWL Reasoner und Inference Server fiir das Semantic | |

HacerPro 2.0

pre-release version
available now!

RacerPro,

Web,
ist jetzt als Vorschau-Version 2.0 verfuigbar!

Die Varschau ermdglicht lhnen einen Einblick in alle neuen
Funktionen, die fir die kommende offizielle Version von RacerPro
geplant sind, z.B. die Unterstitzung von aktuellen W3C-Standards,
neuen Schnittstellen zu beliebten Entwicklungswerkzeugen und weiter
verbesserter Verarbeitungsgeschwindigkeit. Wir mdchten alle unsere
Kunden und Anwender von RacerPro einladen, die Vorschau auf
Wersion 2.0 fur ihren Einsatzzweck zu testen!

Vor dem Herunterladen kénnen Sie sich einen Uberblick tber
das System verschaffen und eine ausflhrliche Eeschreibung
der neuen Funktionen nachlesen. Alles weitere finden Sie
unter der Einstiegsseite zur Preview-Version (nur in englischer
Sprache).

Die aktuelle offizielle Version von RacerPro ist derzeit noch die
Wersion 1.9.0, aber wir planen eine Fertigstellung der Version 2.0
wéhrend des Sommers 2009. Zwischenzeitlich kdnnen Sie die
vorschauversion evaluleren — auch ohne persdnlich bei uns registriert
zu sein: Die Software enthalt eine bis zum 31. Oktober 2008 glltige

¥ Suchen:

|1lﬁufwérts =B Abwarts - Hervorheben [ Grok-(Klginschreibung

Fertig

@ Aust
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Solving Sudokus by Reasoning

pairwise_disjoint(Cy, C3, C3, Cy)
TE (CLUC3UC5LICy) M
(Cl — VR_Icl) [ (Cz — \V/R._ICQ) M
(Cg — \V/R_l03) [ (C4 — \V/RﬂC4) M

Create a KB whose
logical models represent
all possible Sudoku solutions.
A good Sudoku has only
ONE solution — entailed
facts = solution!

23.06.13 Michael Wessel 28



Sudoku - ABox Construction

"",, ‘\“‘(
I 4' 1 é‘ """""
ABox construction M
- by hand? OK for 4x4, but for 9x9? v,

— create the structure programmatically

(Minilisp) [ > é
- transitive & symmetric property — f
» use different backward property Cys — VR.0Cy

instead of a symmetric property
« quantification over common parent property
 different props. for different rows, columns, diagonals

23.06.13 Michael Wessel 29



Sudoku - Relational Structure

HE SN

— QIR

— (2R
transitive(Q)1)
transitive(Q)2)

Ql(iU, y) — QZ(:’J, .CU)

23.06.13 Michael Wessel
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Solving Sudokus by Reasoning

-
&7 RacerPorter

| Profiles | Shell |TBu:e Lyioms || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|
Active Prog Mamespace (#:, *n*)

ABox (*at) default

Eale 1*r*) /]

rﬁ RacerEditor = |3 w

File Edit Buffer

(terpri}} Eﬂ
{format t ""ZSorry, no solution™}})
{t {(format t ""“%Bad Sudoku_."})))) i
i
[13] 7 Ctime ; Register new server functions...
40000 8] :

{server—function sudoku-web)

_____________________________________ {server-function sudoku})

lels31slz]7] ;;;...andusethem!
a2l s ] 2]6&]8] ]
6171 113]89] Etime
""""""""""""""""""""""" (SUDDKU {(8 6 85 B8 3 2 6 8)
1_3_1_?1_‘_11_3_1_5_1 ________________ (185008008 3)
[ s 121&[4a4]3] (8B AAGLH1T M
------------------------------------- (2 88088184 8)
21413 ]8]686] (67 0630408 @
| 719 |6 1]2] (A8 A7 BB BB 9)
————————————————————————————————————— (A1 8 48888 6)
. (2888007 081)
Ewvaluating {SUDQKU ({0 6 D 5 03I Z08) (105008300 3)(20000¢64 (?ﬂﬁ1ﬂ§ﬂ3ﬂ)))l

DODO0G) (200800701) (FOG105030))) took D.2820 secands.

[13] = NIL Finished evaluating

[147 7 RacerPro 2.0 running on localhost: 8088 [caze: preserve] - ¢

Arguments of owl-read-file: FILEMAME &KEY (VERBOSE *TBOX-WEREBOSE®) (INIT T) (KB-MAME) (LOCATOR) RECURSIVE IGMORE-IMPOR

Function Doc ] [ Complete Input ]
Zel. Concepts = Last Rezult Sel. Roles = Last Rezult el Individuals = Laszt Result
Clear Selection Clear Selection Clear Selection
| showanusl || SaveShel.. || ciearShel || FulReset || newEdtor || openinedtor.. || Losd.. || cut || Shutdown Racerpra & cui

-
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MiniLisp HTML Generation

-
& RacerPorter

-
M=%

| Profiles | Shell |TBm:es || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxonomy || Role Hierar.

Cueries || Log || Ahuut|

Active Profile 4: Localhost [ Big TBoxes, Big ABoxes Mamespace (AL *7
TBox (**) ’__[h::[ault ABox [*a*)
Coneept (*c") @ Sudoku - Mozilla Firefox = 2JEY | Roerm
Incliyiduzliyi:) Datei EBearbeiten  Ansicht  Chronik  Lesezeichen  Exfras ¥ Race
Guery [ Rule (*gor*)
Reasoner Cortainer (*o 6 = c M far | Ij h ‘-:i’ -
Request
@ Meisthesuchte Seiten ’ Erste Schritte ¥
Clazsic Layout M[ ]E - -
J ﬁ Sudoku =
§
3 Tala4l715]z2] B8 wo
"""""""""""""" . 0000104
i Sudoku Solution oGy
T';'T';'rg'r;'r;r;'r (8184 88808 06)
__________________________ (28008 BO87F 08 1)
Ewvaluating {SUDDKU ({0 & O EIIIEBEIEII’EE (18616503
DOo0006EN (2008007 EEE’IHEEEE Gtime )
[13] = WIL (SUDOKU-web ({2 B B & 5 B B8 8 7)
SBJE s SRR
[14] 7 {time {SUDDKU-web (a8 0200088
DOORBOOO9 (D200 ’_rrﬁﬁﬁr’_r (00 B0 0B AE 1)
Evaluating (SUDOKU-web (2 (7120009 45)
Dasoogogj(ozucg FFFEBBE@E c (388088 8480)
[14] > "File-entity” FI’F@’IEEEIE Eg g g;
o 6[5[5 sz neenee
= ' - = ;:: open http:/flocalhost:8886/sudoku.html in your WebBrowser? =S
NANEEGIE
Lo[7l2[3e[8 5]+

Arguments of owl-read-file

<]

|Finished evaluating

RacerPro 2.0 running an localhost: 3088 [caze: preserve) - =

Fettig T} (KB-MNAME) {LOCATOR) RECURSIVE IGNORE-IMPOR Function Doc ] [ Complete Input ]
el Concepts (= Last Result el Roles = Lazt Result Sel. Individuals = Last Result
Clear Selection Clear Selection Clear Selection
| showMsnusl || saveshel. || clesrshel || FulReset || mewEdtor || openinEator. || Losa. || cut || Shutdown Racerpra & cut
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Demos

Sudoku
People + Pets.owl Protege and RacerPorter
JRacer + Eclipse

LRacer...
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(2006 - today) RacerPorter - The Listener

r . |
£ RacerPorter = lm|
| Profiles [ Shell |TBu:es || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Active Prafile 4 Localhost / Big TBoxes, Big ABoxes Mamespace (#, *n*)
TBox () default ABox [*a*) default
Concept (*c*) ] Rale (*r*)
Indivicual (*i*) ] Axiom (*ax*)
Query [ Rule (*gor*) Definition (*def* = Mame)
Reasoner Cortainer (*or*) OWLAPI-KB Ortology Container (*oo*)
Request 20 : {get-namespace-prefixes) Eezthnnse 20 : READY
| Clazsic Layout Iil [ |= l ’ = l 212 RacerPorter ﬁ Elete l ’ Delete Al ] [ Recover lSimpIify [Jsel.First []sel. only [ &rg. Comp.
i {ovil-read-file Ahort Racer Request
FILEMAME
[*] 7 Cannot start RacerPro @ Tocalhost:B088, serve AKEY
[*] » :ERRORE {WERBOSE *TEOX-YERBOSE®)
[*] 7 futomatically connected to RacerPro Z.0 runni EIKrgIL.CT\r)\’IE) Muel
* - " q -
[*] = (:0K&Y "RacerPro 2.0 running on localhost:808 {LOCATOR)
[1] 7 (get-racer-wversion) RECURSIVE
[1] = "2.o0" IGHNORE-IMPCRT
IMPORT-META-ONTOLOGIES
[2] 7 (owl-read-file EXCLUDED-META-OMNTOLOGIES
FIRE-RLULES
MAINTAIN-OWLAPT-AXIOMS
BALLOW-OTHER-KEYS)

Arguments of owl-read-file: FILEMAME &KEY (VERBOSE *TBOX-WEREBOSE®) (INIT T) (KB-MAME) (LOCATOR) RECURSIVE IGMORE-IMPOR

Function Doc ] [ Complete Input
Sel. Concepts = Last Result Sel. Roles = Last Result Sel. Individualz ;= Last Result
Clear Selection Clear Selection Clear Selection
| showanusl || SaveShel.. || ciearShel || FulReset || newEdtor || openinedtor.. || Losd.. || cut || Shutdown Racerpra & cui
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The Racer Editor with Some Example

Queries

0 RacerEditor

File

Edit  Buffer

01d_lady not explicit

;33 ABox Graph : Hinnie has_pet To
F. AFF ;7; Select Tom -» Describe ->» Ca
;::; Assertions Tab: nothing wa
¥ RacerPorter ;3:; Is a cat by inference (see
— 4l ;s; Interplay of definitions <
Profiles | Shell |TBm|es || ABoxes || Concepts || Roles || Individuals " Assertions "
A ctive Profile 4: Localhost | Big TBoxes, Big ABoxes 3::; The classes an individual i85
TBox (%) home/mi.wesselKBsipeople+pets.owl ;55 is C?“P“t‘?d Fr?m_the_deFini
Concept (*o%) 555 Multiple classification
Inclivicual £%%) P
Guery £ Rule (*gqor*)
Reasoner Container (*or*) OWLAPI-KB e aB 0 R
o H-- oX uerlies
Request 47 : {get-namespace-prefixes) ::; (Go to ABox Grapht)
Clagsic Layout M[ = ][ - ]2:2 HEH
[ (cnncept—instances cat_owner)
[*] 7 Cannot start EacerPro @ localhost:8088, serwver 1s already ri R
[*] = :ERROR (retrieve (7x)
(7= cat_ouner)})
[*]1 7 Automatically connected to RacerPro 2.0 running on localhost) .
[*] » (:0KAY “"RacerPro 2.0 running on localhost:8088 {case: prese (retrieve (Tx 7y)
[1] 7 {get-racer—wersion) (and (7= cat_owner)
[1] = "=z.0" {?x 7y has_pet)))
[2] 7 (full-reset) i Gy 7
[2] » :okay-full-reset ll‘Etr‘lEUE (7x 74}
{and {?x cat_owner)
[3] 7 (racer-read-file "= : temp/pecpletrpets. racer") {?x 7y has_pet)
{in-thox Shome/mi.wessel /KBs/people+pets.ow] size 124 role-size 2 {7y cat))l—
Duplicate definition {or animal (some part_of animal)) for fxiom_3 R R wessel
1/KBs,//peaple+pets.owl) --= Shome/mi.wessel /KBs peaple+pets.owl (retrieve (7x 7y (direct-types 7yj)}
{and {%x pet_owner)
[3] = :okey (¥x ?y has_pet))
[4] 7 (retrieve (7= 7v) (and (?x cat_owner) (7= 7y has_pet) (7y c sdont-show-lambdas—p t})
Concept {animal) causes a cycle in TBox Shome/mi .wessel KBspecple| ;::
Concept {plant) causes a cycle in TBox Shomesm .wessel /KEBEs//peopled [i]
Concept (Ax1om_2) causes a cycle in TBox Ahome/mi. wessel /KBs peop T— -
L BT R T T e T i =T Finished evaluating
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i : . f
Concept (ma ow) iz incoher TBox /homefmi .wessel KBs/peapl F acerPro 2.0 running on localhoszt: 8088 [caze: prezerve) quErie
[4] = (({7™= M1r1r1'|e) 4 Tcum)) (('?x Fred) {7y Tibbs))2
[5] 7
o B 1 - e i * e g
Arguments of owl-read-file: FILEWAME &KEY (WERBOSE *TBOX-VERBOSE*) (IMIT T2 (KBE-MAME) (LOCATOR) RECURSIVE IGHNORE-IMPOR T —— ] [ Complete Input
[ Sel. Concepts (= Last Result H Sel. Roles = Last Result ” Zel. Individuals (= Last Result ]
Clear Selection Clear Selection Clear Selection
Show Manual || saveshen. |[ ciesrsher || FumReset || mewedtor ][ openinEdtor.. | Lesd.. |[ cut ][ Shutdown RacerPro s cuit
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The Class (Concept) Hierarchy (,,Taxonomy*)

&7 RacerPorter

nExI

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms | Taxo

Active Profile 4: Localhost / Big TBoxes, Big ABoxes

TBox (*) home/mi.wesselKBs/people+pets.owl A

Concept (*c*) old_lady 1 A

Inclividual [4*) ] A
0

Guery [ Rule (*gar*)

Reasoner Container (*or*) OWLAPI-KB

(equivalent cat_liker
(and person
(some likes cat)))
(equivalent cat_owner
(and person
(some has_pet cat)))
(implies old_lady
(and (all has_pet cat)
(some has_pet animal)))
(define-primitive-role has_pet
:parents likes ...)

Request 52 : {describe-concept old_lady homeimi.wesselKBsipeople R
Classic Layout M[ |« ” = ]515 - -
(
(cat)
(cog)
(duck)
f;(cat_liker) (cat_owner)
(bu?&rj
' (hau _truck_driver)
o
(ckriver) (larry _driver)
(persan) farownuR) (wan_driver)
[ Axiom_2) [animal) [man] [wwhite_wan_man)
(weoman) — (el
(ki)

(animal_lover)
(pet_owner) (cat_owner)
(dog_owner)
Fraeze Graph Ao Updste Show Top || Show Bottom

& _van_man)

Request Grap]

D Al Concepts @ Cur. Concept D Sel. Concepts @ Hor.

Search & Select

| clear Selection || Select Chidren |

Infa

[5] 7 (describe-concept ald_Tady /Jhome/mi.wessel KBs/people+pets.owl)
[5] = (old_Tady
told-primitive-definition

an
fand {all has_pet cat) {some has_pet animall))
{and persan female elderlyl)
0 ISY NONYMS
(old_Tady)
tparents
({elderly) (woman) {cat_owner))
:children
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The Relation (Role / Property) Hierarchy

&7 RacerPorter

nE<I

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxor
Active Profile

TBox (*) home/mi.wesselKBs/people+pets.owl

Concept (*c*) cat 4
Indiwicdual [**) Tom 1
Guery [ Rule (*gar*)

Reasoner Container (*or*) OWLAPI-KB

Request 63 : (describe-role has_pet home/mi.wesselKBs/people+pel R

Clazsic Layout Ml |= ” =

4: Localhost / Big TBoxes, Big ABoxes

(el [

|13713 = 5|

IUWESJ 1 ]
T

{eats) .
(drives)

(works_for)

(reads)
(is_pet_of)

(top-role)

(equivalent cat_liker
(and person
(some likes cat)))
(equivalent cat_owner
(and person
(some has_pet cat)))
(implies old_lady
(and (all has_pet cat)
(some has_pet animal)))
(define-primitive-role has_pet
:parents likes |...)

haz_fath
(haz_parent) <( as_father)

(hasz_mather)
(has_part)
(has_child)
(eaten_by)
(=ervice_number)

Freeze g

Search & Select

Infa

7] 7 (describe-role has_pet Jhomesmi . wessel

7] » C[has_pet
LSYNONYmS
(has_pet)
rdomain
person
irange
animal
tparents
(Tikes)
ichildren

Jorv
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Individuals

&7 RacerPorter

| Profiles || Shell || TBoxes || ABoxes || [
Active Profile
TBox (M%)

Concept (*c*)
Inclividual [4*)

Guery [ Rule (*gar*)

Reasaner Cantainer (*o
Request

Clazsic Layout Ml |= ]

> (Dsily_Mirror)

(reads)
drives) T (@123_ABC)
(has_pet likes)

T (Rex)_(is_pet_of)™ (BACK-TO Mick) ‘

(Mick)

(Minrie)  (has_pet likes)™ QLA _(is_pet_ofy™ (BACK-TO Minnie)

(G 25_ABC)

= Tiilus hdiveme’

Fraeze Graph suto Updste [ Only Sel. Suces Tranz. Roles Data Fillers [ |

@ alinds. Ocur.ind. ) Sal Inds.

@Hor. Oﬁe

Clear Selection Clear Selection [

Search & Select

Info

Me] * (individual-direct-types Tom Shome/mt owessel /KBS peapletpets. owl )
(3]

& Relationships - ABox Graph

M=)

ox Graph | Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|
emi.wessel KBs/people+pets.owl
L]
L]
59 : READY
[ pelete s || Recover |[lsimeite [set First [Sel onke [arg. Come

(equivalent old_lady
(and person female elderly))

(implies old_lady n
(and (all has_pet cat) TBox

(some has_pet animal)))

(instance Minnie elderly)
(instance Minnie female)
(related Minnie Tom has_pet)
(instance Tom top)

ABox

] » ((cat) (pet))
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Inspecting Class Assertions for Tom

l=Jo/Ed

&7 RacerPorter
Active Profile 4: Localhost / Big TBoxes, Big ABoxes
TBox (*) home/mi.wesselKBs/people+pets.owl
Concept (*c*) cat
Indiwicdual [**) Tom

Guery [ Rule (*gar*)
Reasoner Container (*or*) OWLAPI-KB

CassicLayout [v|[ 15 |[ = |18118

Request 68 : (all-concept-assertions |home mi.wessel KBs/people+ps Responze 63 : CACHE-HIT

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals | Assertions |A:iums || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Mamespace (&, *n*)

ABox (*a®) home/mi.wessel KBs/people+pets.owl
4 Raole (*r*) has_pet 1
1 Acxiom [*ax*) L]

Definttion (*def* = Name)
Ontology Container (*00*)

= < | peste |[ oeetean || Recover |[lsimpity [JselFirst [Jselonly [arg. Comp.

] [ Ahort Racer Reguest

Infa

(@ al concepts () cur. Concept () Sl Concepts (D AlInds. (B cur.ind. (O Sel inds. (B AlRoles () Cur. Role () Sel. Roles
@ concept & (O Role A (O Same Az & () Ditterent From & () aftribute & () Constraint & () Annotstion CA () Annatstion R4,

Clear Selection Delete Selected

7] » C[has_pet
LSYNONYmS
(has_pet)
rdomain
person
irange
animal
tparents
(Tikes)
ichildren

7] 7 (describe-role has_pet shome/m .wessel /KBs/people+pets.owl) Ea
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Relation (,Role”) Assertions for Tom

&7 RacerPorter u@ﬁ

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals | Assertions |A:iums || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Active Profile 4: Localhost / Big TBoxes, Big ABoxes Mamespace (&, *n*)
TBox (*) home/mi.wesselKBs/people+pets.owl ABox (*a®) home/mi.wessel KBs/people+pets.owl
Concept (*c*) cat 4 Raole (*r*) has_pet 1
Indiwicdual [**) Tom 1 Acxiom [*ax*) L]
Guery [ Rule (*gar*) Definttion (*def* = Name)
Reasoner Container (*or*) OWLAPI-KB Ontology Container (*00*)
Request 69 : {(all-role-assertions home'mi.wesselKBs/people+pets.o Rezponze 69 : READY
Clazsic Layout M l l= ] l = ] 19 /1% = =| [ Cielete ] [ Delete ol ] l Recover ] Simplity [ Sel. First [ Sel. Only [ Arg. Comp.

[ ] [ Ahort Racer Reguest

TiMinnie Tomy Has pet]

@) all Concepts () cur. Concept () Sl Concepts () ANINds. () cur. nd. () Sel inds. (3 AlRoles () Cur. Role () Sel. Roles
(iConcept & (D Role A () Same Az & () Ditterent From & () Aftribute & () Constraint & () Annotstion CA () Annatstion RA

Clear Selection Delete Selected

Infa

7] 7 (describe-role has_pet shome/m .wessel /KBs/people+pets.owl) Ea
7] » C[has_pet

LSYNONYmS

(has_pet)

rdomain

person

irange

animal

tparents

(Tikes)

ichildren M
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@l Syntaxes

« QOld lady concept in...
- KRSS / Racer native:

- OWL 2 Functional Syntax (almost S-Expressions...)

23.06.13 Michael Wessel 41



Syntaxes (2)

 Old lady concept in OWL RDF/XML.:

<owl:Class rdf:ID="old_lady"> -
ST

<owl:equivalentClass>
<owl:Class>
..°°<0W1 :intersectionOf
rdf :parseType="Collection">
<owl:Class rdf:about="#person"/>
<owl:Class rdf:about="#female"/>
<owl:Class rdf:about="#glderly"/>

</owl:intersectionOf>
</owl:Class>

</owl:equivalentClass>- _ _
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Syntaxes (3)

* Old lady concept in OWL RDF/XML co

<rdfs:subClass0f> = a=» @
<owl:Class>
@ @ °<owl:intersection0f rdf:parseType="Collection">
=Sowl:Restriction>
<owl:allValuesFrom rdf:resource="#cat"/>
<owl:onProperty>
<owl:ObjectProperty rdf:about="#has_pet"/>
</owl:onProperty>
</owl:Restriction>
«<owl:Restriction>
<owl:onProperty>
<owl:0ObjectProperty rdf:about="#has_pet"/>
</owl:onProperty>
<owl:someValuesFrom rdf:resource="#animal"/>
</owl:Restriction>
</owl:intersection0f>
</owl:Class>
</rdfs:subClass0f>
</owl:Class>
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DOCOMO ContextWatcher / IYoult

) Iyoult
E share life blog play

—

'''''

A mobile community service
1300+ users in 60+ countries

Connected to emerging
Web 2.0 services

% [Matti ifriend)
Lh a0 in Dolokio Euro-Labs

Your digital life recorder

Facilitating context awareness
on standard phones

Integration of key Semantic
Web technologies

I W DOPPLR
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Event Recognition from Phone Logs

s £ = i
] (1] m
rnve, g g nve

e — — P
Furstenfeldbruck [ Munich 1 Furstenfeldbruck
Casa DOCOMO DOCOMO Casa
(Home) (Office) (Office) { (Home) ®
| Office hours J
| Basti (Colleague) ) _
Fra (Wif Fra (Wife O
Ll Kim (CTO) : L=/
£
9 @
Imp.
Meeting '
Special Working Day I
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Regonized Events for
,Life Logging” Blogging

A busy ISWC day

Today was a busy ISWC day (84.1% covered). I took g pictures in Dublin

and Galway.

Today was the of my to the\

ISWC’05 in Galway together with
my M. Luther. It was a cold and rainy
day. In the 1 to Munich

via Dublin by plane.

S

I visited Galway [51.8%), Miinchen (7.3%), Dublin (18.9%) and Offaly
(9.9%), mainly Commute (5.2%) and ISWC (35.1%). [ met luther
(38.7%). My maximum speed was 131.2 km/h.
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Situations, Simple & Complex Events

ordinary-working-day —% ...
~ ~

has-subevent has-subevent

o A
/ going-from-home-to-work meets - gomg -to-lunch =9

tart-stat
stari-state end state start state

next —h next NEXt =—

future
Ut future

future uture

l«— in-region(Home) —=ll=— in-region(Office) —=|
« States = situations — simple events — complex events
- Linear time model (next role, transitive superrole future)

- Allen temporal relation via concrete domain reasoning

- Event constructions (aggregates!) via forward chaining rules
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Realization of Event Recognizers

« Assuming events are already present as aggregates in
the ABox, how to recognize them?

« Defined concepts

- Problems with relational expressivity for complex events

« only tree-shaped temporal constraints expressible

. Important event properties cannot be expressed
(required for definitions of complex events!)

7

—?H{}mneity

« Queries and rules

- High relational expressivity over the ABox

/

?Maximality

i

- Universal closed-domain quantifier (SPARQL, SQL, nRQL)
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ans(si. sz) — E‘fﬂl‘f"(‘-}'ﬂ state(s2), future(s1, sz2),
Iqul} Gg)
7(s1) (state(so). next(so, $1), 1
1,.(%2) (state(ss), next(s2, s3), P’(s3)).
\(s1,82) ( state(ss), future(si, s

KIJ(b3))

(retr ie re (781 7s2)
(and f?U+ state) (7s2 state) (7sl 7s2 future)
721 P) (722 P
(project-to (7s1) (and (7s0 state) (7s0 7sl next) (¥so P)))

!
—_—
o
=
—

. future(ss, s2),

{neg
(neg (project-to (7s2) (and (733 state) (7s2 7s3 next) (733 P)))
(neg (project-to (7s1 7s2) (and (723 state) (7s1 783 future) (7s3 7s2 future)

(neg (783 P))J)))
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Sa=(A* 0%, ... RE, ...), with
AT = inds(A),
Ct={i| i€inds(A),A=C()} ,

{(s1,82) | 3s1.50: state(s)) A state(s)) A future(s;, s2) A
P(s1) A P(sa) A
—dsg 0 state(so) A next(so,s1) A Psp) A
sy 0 state(sg) A next(sa,83) A DPsg) A
seisna wlale (~. ) A future(sy, sg), fulure(ss, s2) A
_p gl
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BOEMIE Project -
Interprete / Understand Athletics News Pages

i1aaf.org - Otto and Maresova notch jump victories in Dessau - Mozilla Firefox i

Datei Bearheiten Ansicht Chronik Lesezeichen Extras Hilfe Goalo
" - L]

€% -0 A [gg http: Mo iaaf orginews/kind=100/n ewsid=49536 hir ‘v][

Meisthesuchte S... v [E5openSUSE v  @Getting Started [51]Latest Headlines v

iaaf.org Home of World Athletics use C]_ueS from different

i COMPETITIONS | STATISTICS | NEWS CENTRE | VIDEO/AUDIO | FANZONE | ATHLETES | DEVELOPMENT | ABOUT . . .
Latest News Press Releases Newsletters IAAF Magazine Focuson Athletas Phot| [ [ l Odalltles (te x t 1 [ [ l a e
J J
Manday, 02 March 2009 L
Otto and Maresova notch jump victories in Dessau ‘/ ]_ eo’ SO l I I l a_ I I
Dessau, Germany - Bjirn Otto of Germany and Czech Oldriska
Maresava took their events at the Sth Jumpers’ Meeting in Dessau on hd
Sunday (01) afearnoan in front of shout 1,500 spectators. [ l a [ [ l e e [ l 1 E 7
L] t L]
5.60m proved to be the decisive haight in Dessau's Anhalt Indoor g
Arena, While there were eight athletes still in contention anly two ° °
were left when the bar was lifted to 5.70m: Otto, who had cleared the 44
crucial height of 5.60m at his secand attempt in convincing style, Bjorn Otto of Germany in action in the Men's Pole Yault Final Wl a e ]_C S
was in the lead while Russia's Viktor Chistiakow had passed this (Getty Images)
height after clearing 5.50m with plenty of room above the bar,
L]
knowledge to mterprete .
finally had ta settle for third with 5.50m, Lars Bérgeling also almost
cleared 5.60m, but had to settle for fourth with 5.40m, After the o 4
dramatic competition atthe German indoors in Leipzig eight days
earlier it became obvious that the national pole vaulters lacked some

tension,

Mot so0 Otto, who had very good first and third attempts at 5.70m - a height which he had not cleared this winter. Tagether with his M
5.60m jump these three jumps had looked as in his besttimes twe years ago, when Otto had won a silver medal at the Eurapean
Indoors, This time in Turin he will not be able to compete, °

“But my indoor season gives me confidence regarding the summer, when I wantto be back in peak farm and qualify far the Warld
Championships,” Otto said, "It was good to see that it was getting better and better during this indeor season, It was impartantta get

paragraphs appropriately

Women's High Jump -

The winning heights were not quite what arganisers and fans had
hoped for, Otto took the Pole Wault with 5.60m and Maresova cleared
1.89m in the High Jump. But there were same very good attempts at
greater heights, though none were ultimately successful, While the
winners have not qualified for the upcaming Europaan Indoor
Championships they are both targeting the Warld Champianships in
Eerlin this summer,

ten's Pole Yault -

Tobias Scherbarth, who had convinced throughout the indoor season RELATED CONTENT
with the exception of the vital qualifier at the German indoors last

week, was one of those who had proamising attempts at 5.60m, but

Three wamen were left in competition when 1.83m had to be cleared: Maresova had cleared all her other heights of 1.75 m, 1.80m and . ll
1.85m at her first attempts, Germany’s Aileen Herrmann and Bulgaria’s Mirela Demireva had not been that convincing, but managedta || ): 'l ] I‘] n n

jump 1.85m at their final attempts, But for Herrmann and Demireva 1,83m was too high on Sunday. Demireva settled for third and ( te t dersta dl )
Herrmann took secand while Maresova did clear 1.89m at her third attempt. 12 hd

The 22-year-old Czach fram Pragus then went on far 1.92m, which would have besn s persanal best, So far she had jumped 1.90m this
indoar seasan in Brno. Particularly her third attempt at 1.92m was a very good ane and she was a bit unlucky that the bar came dawn, --

"It was very close today,” said Maresova, who will resume her indoor season with two national meetings in mid March, While she has
not managed to qualify for Turin Maresova is aptimistic cancerning Berlin.

h h T am nntimistic nf reachina that anal_hecanse there is nat that (i

Fertig
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BOEMIE Project - ,DIKW* Pyramid

_—Yelena Isinbayeva of Russia on

her way to victory (Getty
Images)

) Pearson. Pole vaulter

UL P L R R R L

Interpre | tation '“°"“"“"a'f?
Person, Fole vaultasx‘

Parson, Pole vaulter
web ontology language J ?‘\
/] l l\-
M m :¢ 3 it £
" @9 E§ c
Visual Information Non 1u’suanlIr'nI‘t:-rrrr;:«tmr'. ¥ 2z 5
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BOEMIE Project - Text Modality

[ | 15/15 |

http://143.233 226 31/BoemieVi../news/Kind=2/news Id—EEES? hl:ml
| Denis wee undeuhtedl\y

] Boemicinfo “nore ? Paris,
Hestrie Cloete on her lap of honour [
STAF Berlin (Getty
Zric Mutola of
Eriday 15 cuou:| PersonMName rverge ofa
7 Stz + Read all about the person of Hestrie Cloete .
SUTER, SWIEETE click far mare 2,000m World

again Convene Cisrorr oo
celebrate another edition efthe "Weltkla
atthe adjacent Letzigrund stadium toda

As the penultimate stage ofthe [A4F C
takes on paricular significance as the y
hlgh pressure geuge efferm JLISt a wes

Add this person to your addr

Cen (23'? -.:.E'J_IIE‘.'.

Cloete and Avhan to headline again

_
Hesirie Cloete and S?reyya A 1 were the
undeubted stars efleet Sundey'?e STAF
C 1 League meeting in Berlin, and the
Seuth efneen World High L ehempmn and
the Turkis Eurepeen ;medelliet S9reva e
are sure te be headlining again in Zurich. %

wins in [STAF

(Getnflmegee}

Zloete with a practically unhlemiehed SCore
card up te end |nelud|ng her 2.05m ﬂxfrleen
record in Eerlin, will have a World record 210 clearance in her
sights once more today. Wearing the %2107 blb number on her
vestlast Sunday was perhaps too weighty a burden to carry as her
three heavilv failed atternnts oroved but that heinht is surely within

- Read maore about other athletes

breselassie will
im World record

esz book 's with 3:20.13 -

ckpot path

witzerland 7

quashed any
1)

- Live from Zurich - I1AAF Golden League
quotes
Fri 15 Aug 2003
15 August 2003 - "Zurich is just magical. |
have been winning every year since 1993
here and today ...

- Zurich offers high profile dress rehearsal for
Paris Warlds
Fri 15 Aug 2003
15 August 2003 7 Zurich, Switzerland 7 The
‘who?s who' of world athletics has once
again convened ..

23.06.13

Michael Wessel

53



Interpretation with OWL / SWRL?

 The low-level annotations are incomplete

- no person instance, but face & body region adjacency

- often, aggregates must be instantiated, which is challenging

. person

‘ adjacen;‘ j> has ]%i
>

body face
adjacent
body face

body M Jadjacent. faceCIpart_of.person é

body(x), face(y), adjacent(x,y) —
person(z), has_part(z,x), has_part(z,y) é
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BOEMIE Abduction Framework

* abductive horn rules which ,explain observations”
(Shanahan) - implemented in nRQL

adjacent(x,y) < person(z), body(y), face(x),
has_part(z,x), has_part(z,y)
AUTURUAEO

. adjacemr'

body face

body adjacent face
In general, more than one explanation possible

- minimality, consistency, preference, specificity

- probabilistic ranking (—» CASAM project)
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BOEMIE Abduction Framework (2)

« Apply rules until fixpoint is reached

has_participant high_jump

has_part

PErson

Jumper
has_part
>
face

: horizontal _bar
adjacent

body

adjacent(y, z) «
high_jump(x), jumper(y), horizontal bar(z),
has_participant(x,y), has_part(x, z)

adjacent(y, z) «
pole_vault(x), pole_vaulter(y), horizontal bar(z),
has_participant(x,y), has_part(z, z)
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BOEMIE Abduction Framework (3)

« Apply rules until fixpoint is reached

has_participant pole_vault

has_part

person
ole_vaulter
has-part}
adjacent . horizontal_bar
body face

adjacent(y, z) «
high_jump(x), jumper(y), horizontal bar(z),
has_participant(x,y), has_part(x, z)

adjacent(y, z) «
pole_vault(x), pole_vaulter(y), horizontal bar(z),
has_participant(x,y), has_part(z, z)
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Discussion and Opportunities

 (Geo-spatial semantic web:

- GeoSPARQL + Open Street Map + Map Server +
Big Data + SemWeb — spatially aware semantic
web — smarter SIRI, smarter QA, ...

« [ would like to participate in any project on logic-
based image or scene understanding

- some experience
- probabilistic ranking of hypotheses (CASAM)
« MARKO Description Logic + Rules

 Racer is still the best environment for Lisp-based
ontology and SemWeb development

- integration with Franz Allegro Graph technology
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