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1] Flexible Tools for the Semantic Web

e Portfolio of tools offered by Franz Inc. & Racer Systems

— RacerPro, RacerPorter
— AllegroGraph, Gruff

 These tools

— are mature
— are open for users (extensible)
— are compatible with W3C standards and OpenSource frameworks

— offer flexible and pragmatic solutions for which there are no

standards yet (e.g., spatial queries via SPARQL extensions in
AllegroGraph)

— can be combined
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aua STS, Racer Systems, Franz Inc.
<>

. GmbH & Co. KG
— Private, founded 2004

Offer expertise in
semantics-based
applications and mature

and scalable tools

 Prof. V. Haarslev (Concordia) F ﬁh} .
e Prof. R. Moller (STS)  Franz Inc. W

* Kay Hidde — Private, founded 1984 -

* Michael Wessel (STS) U.C. Berkeley
— Commercial home of RacerPro — CEO Dr. Jans Aasman
- RacerPro, RacerPorter — Lisp Vendor, AllegroGraph
— Consulting — Consulting

 STS

— Databases, Software Systems, Semantic Web
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— The second ,,academic home* of RacerPro




HaceriPro - Architecture & History

» Started as Racer at the University
of Hamburg in 1998

* Working on large Aboxes
since 1998 as a DL Abox reasoner

* One of the first OWL DL (-)
system (2002), DL SHZ Q(D)

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

» Expressive Abox query lang. nRQL

e First DL system that passed
the ,,LUBM* (2004)

e First DL system with DL-aware
SWRL (-) & SPARQL

* Interfaces: native, DIG (Protege 3),
OWLAPI, OWLLink

* Main memory based,
but interface to AllegroGraph

» Some special-purpose
representations and reasoning

* Free for education & research
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] Demo of Tools ...

... using a well-known ,,standard*“ OWL ontology

— Lehigh University Benchmark (LUBM)

— Standard inferences via RacerPro & RacerPorter

e Taxonomy computation
 (Classification

e Consistency checks
— Query answering
 LUBM queries (chair example)

* Queries with aggregation operators

e Pragmatic stuff: HTML report generation via MiniLisp

24.05.09 Michael Wessel



ﬂ RacerEditor

(full-reset)

{define-prefix "lubm" “http://www.lehigh.edu/%7Ezhp2/2804/78401/univ-bench.?

_ — | . S— -0

/| Individuals | Assertions | Axioms| Taxonomy |Ro|e Hierarchy | ABox Graph | Query 10 | Queries + Rules | Def. C!!_‘_]_LJ

_ ~tocalhost/ Big TBoxes, Big ABoxes MNamespace (#:, *n™) hatp://www.lehigh.edu/%7Ezhp2/2004/0401;

H Rac ”_”"’ i Ci'semweb-demo/lubm/university/univ-ber ABox (a™) C:'semweb-demo/lubm/university/univ-bei
i35 This copy of Concept (") 0 Role (™) 0

::: Michael Achi Individual 0 Axiom (Fax®) 0
iia Mamhupg lindy Cuery /£ Ruale Tgar Definition ("def* = Name)

;s : Harburger 3q
HHH : : i i 2 : ; b Zhathll 3!
:1: STS Group Reasoner Caontainer Crisemweb-demo/lubm/university/universi Ontology Container ("o0™) Ci'semweb-demo/lubm/university/universi

335 21879 Hambur Reguest : (all-atomic-concepts C:/semweb-demo Response 39 : READY
;5 s Deutschland :
Classic Layout [\i” < H < ]2.-'2 | ’ Delete “ Delete Al ” Recaver lSimpIify [12el First Sel. Only [dArg. Comp.

::: ;gtztaéu}n;g: ldle ]’ Abort Racer Reguest l
aledle Th]:.s 1]:.cense . : e
733 This license (#!:Administrativestaﬁ]<$:;:gllesrt|:s_:§§:)m >

iie This is 2 Mg (#1:Director)

(#!:Lecturer)
. (#!:PostDoc)
HTTP service en:

TCP service enal i (#l:Faculty) (#:AssistantProfessor)
External format (#l:Employee) (#:AssociateProfessor)
External format (#!: Chair)

: (#!:Professor) (#!:Dean)

(#!:FullProfessor)
(#!:Person}\ (#!:VisitingProfessor)
[“IFreeze Graph [¥]Auto Update [¥]Show Top [ Show Bottom Request Graph Display Graph l Reset Graph ” Print Graph

@ All Concepts O Cur. Concept O Sel. Concepts & Hor. Over. OTree & Graph UNEIOUN[.

[ By e A Nacrrbe - Yery T 1 g
select Parents Describe Loncept Uuery Synonyimns

Search & Select

Infa

03] 7 Cevaluate (owl-read-file 'C:/semweb-demo/Tubm/university/univ-bench.ow|” :ignore-import t :maintain-owlapi-axiol
ms t) (dot1m§§)C1 30 Cowl-read-file (format nil "C:/semweb-demo/Tubm/university/universityl-~a. ow1" i) init nil :ign!
are-import t

Reading ontology C:/semweb-demo/Tubm/university/univ-bench.owl. ..
Reading ontology C:/semweb-demo/Tubmfuniversity/univ-bench.owl done.

Reading ontology C:/semweb-demo/Tubm/university/universi ty0-0.owl . ..
Reading ontology C:/semweb-demo/Tubmfuniversity/university0-0.owl done.

Reading ontology C:/semweb-demo/Tubm/university/university0-1.owl. ..

|7 RacetPro “ A RacerPro




v

Papietrkorb

H RacerPro

This copy of

Michael Achi
Hamburg Univ
Harburger Sc
STS Group

21879 Hambutr
Deutschland

Initial lice
Site, Commer
This license
This license

; This is a Mf

HTTP service en:
TCP service enat
External format
External format

) —

ff?kwewiﬁﬁnz

(full-reset)

/| Individuals E'')B.ssertions-5?”!!1}-=ioms| Taxonomy |Ro|e Hierarchy | ABox Graph | Query 10 ;i-Queries + Rules EE-Def. C!!_‘_]_LJ

2| ’ Delete “ Delete All ” Recaver lSimpIify [Igel. First [J2el. Only [JArg. Comp.

[

” Abort Racer Reguest l

(top)

(#!:Organization)

(§!:Person)

(#!:Publication)

[“IFreeze Graph [Auto Update [#] Show Tap [ Show Baottam
@ All Concepts O Cur, Concept O Sel. Concepts @ Hor. Oer. O Tree & Graph UNEIOUN[

[ Clear Selection ” Select Children ” Select Parents ” Describe H Concept Query H Synonyms ]

Search & Select|

llege)

!:Department)

L itute)
Hram}
(#!:ResearchGroup)
(#: U sity)

(#!: Administrative Staff) <

(#!:Director)
(#!:Lecturer)
(#!:PostDoc)

(#:Employee) (#!:Faculty)

(#!:Professor)

(#!:ResearchAssistant)

. (#!: Graduate Student)
I:#!'St"":h:'.m]<[i:i!:Undergrat:luateStu-:Ient}
(#!:TeachingAssistant)

(#!:ConferencePaper)
(#!: Article) (#!:JournalArticle)
(#!:TechnicalReport)
(#!:Book)
(#!:Manual)
(#!: Software)

(#!:Cleric
(#!:Syste

Request Graph

»

ﬁacerpurter

-, {#1:Chair
\!i) sbold-primitive-definition

(and #!:Professor (and #!:Person (some #1:headOF #1:Department)))

LEYNONY TS
(#1:Chair)

\parents
({#1:Professor))
:children

({*bottom™® botkom)))

(#!:AssistantProfessor)
(#!:AssociateProfessor)
(#!:Chair)

(#!:Dean)
(#!:FullProfessor)
(#!:VisitingProfessor)

Display Graph l Reset Graph ” Print Graph ]

|7 RacetPro

“ H RacerPra
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v

Papietrkorb

ﬂ RacerEditor

(full-reset)

{define-prefix "lubm" “http://www.lehigh.edu/%7Ezhp2/2804/78401/univ-bench.?

/| Individuals E?'Assertions-iiu.ﬁxioms Ei.Taxonomﬂ Role Hierarchy |ABox Graph.if Query 10 ;i-Queries + Rules éi-Def. al <[>
A RacerPi ! = ’ Delete “ Delete All ” Recaver lSimpIify [Igel. First [J2el. Only [JArg. Comp.
RacerPro »

;33 This copy of [ ]’ Abort Racer Reguest l

;;; Michael Achi (#:memb .
;55 Hamburg Uniy I(#:hasAlumnus

;s : Harburger 3q
:1: STS Group (#:memberOf) — _IlworksFor) — (#!:headOf)

i35 31919 :imhgr ~undergraduateDegreeFrom)
RRE DS e {i(#!:degreeFrom) < (#!:mastersDegreeFrom)

Initial lice (" ctoralDegreeFrom)
tie 3olts tonmey Jii (#!rdfs:comment)

HHH is license
;35 This license i (#lrdfs:label)
i5ik (#lrdfs:seeAlso)

; This is a MA

(#lowl2:versioninfo)
HTTP service end {#!owlz_:prior\/ersion}
TGP service enal yiif (Blrdfs:isDefinedBy)
St g/ (advison
. !: affiliated Organization Of)

&l /s (#): affiliate OF)

iz ] l:age)
:emailAddress)
LlistedCourse)
!:name)
LofficeNumber)
:orgPublication)
!:publicationAuthor)
!:publicationDate)
!:publicationResearch)
:researchinterest)
researchProject)

[“IFreeze Graph [<]Auto Update Request Graph Display Graph l Reset Graph ” Print Graph ]
O AllRoles @ Cur. Role () Sel. Roles @ Hor. Oer. @ Tree O Graph UNEIOUN[

Search & Select Clear Selection Describe Domain Range Parents Synonyms

23 RacerPro “ A RacerPro . RacerPorter Jesktop durchsucher H&RES 121




ﬂ RacerEditor [Z]@

File Edit Buffer
(full-reset)

{define-prefix "lubm" “http://www.lehigh.edu/%7Ezhp2/2804/78401/univ-bench.ow?
14) =

(— T {evaluate

7| Individuals | Assel| " gyl -read-file “C:/senweb-demo/lubn/university/univ-bench. owl®
dcalhost / Big TBoxes, Bi tignore-import t
:maintain-owlapi-axioms t)

ThIE copy oi ‘IIlI..sem.weh-(Iemo.Iuhm.unwe (dotines (i 3)
Concept (Fc7) #l:Chair {owl-read-fFile

Michael Achi Individual {(Format nil "“C:/semweb-demo/lubm/university/universityd-~A.owl™ i}
; :init nil :ignore-import t
Hamburg Unit Query / Rula ("qor . " m

Harburger Sc n c ] C bd Aubmfuni
STS Group easoner Container isemweb-demo/lubm/unive

210879 Hambur Request : (get-namespace-prefixes) , Class / Concept / TBox Reasoning

Deutschland : :
Classic Layout [\i” |= H < ]9.-'9 .
Initial lice P {concept-satisfiable? (and #*:PostDoc (not #?:Employee)}]})

Site, Conmer i€
This license

{concept-subsumes? #f:Employee #!:PostDoc)

B p rparents
Th 1 :
15 LIten=g ((ﬁ!iPIFOfESSOF):' {concept-satisfiable? (and #*:PostDoc (not (some #?:worksFor #*:0rganizationt
L. qcnl Ldfren 1)
This is a Hf ({*bottom* bottom)))

¢y e s (define-concept #!:StudentTeacher
[5] 7 (concept-satisfiable? (and httE\:/,-‘xnnrmr. I ehigh 5 (and #*:GraduateStudent
e

high.edu/%7Ezhp2 /2004 /0401 funiv-bench. ow] W#Emp] oyed {some #*:teachin i
: a I L r.o gAssistantof
HIIP seepice encgglipoffs SNTL #* :UndergraduateCourse)))

TCP service enat
E"Eer“ai E“"“ag [6] ? (concept-subsumes? httph\://www.lehigh.edu/%75
xternal rormat (|-pn2 /2004 /0401 /univ-bench. owl Y #PostDoc) Query Answering

o [6] » t

71 7 (concept—sat‘isfiab]e?f(andthtp\:/,-’xnnrmr.'lelh“'.gh
i = wTE -k 0 401 B I 4]
tﬂa-,m:lgbég!‘;ﬁgﬂu/ﬁ;?t&.pﬂ&)@% 0401 funiv-bench. owl Y #wd Finished evaluating

7] = MNIL FacerPo 1.9.3 running on localhost 8088 (case: preserve] -~ demo.racer

(8] 7 0

Function Doc ] ’ Comnplete Input l

. Indivic

Clear Selection an Selection

Show Manual ” Save shell ” Clear Shell ” Full Reset ” Mew Editor H Open in Editor... ” Load... ” Cluit H Shutdown RacerPra & Quit l
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a1s _fl_xioms_% Taxonomy |Ro|e Hierarchy | ABox Graph | Query 10 | Queries + Rules De_fi)!, ¢ i * |

xes
niv-ber ABox (fa®)

Fale (")
Axiom (Tax®)

Definition ("def* = Name)
‘university/universt Ontology Container ("o0™) Ci'semweb-demo/lubm/university/universi

escribe-concept http://www.lehigh.e Response

Marmespace #:, *n®)

http://www.lehigh.edu/%7Ezhp2/2004/0401,
C:'semweb-demo/lubm/university/univ-bei
0
0

89 : READY

ilCIassicLayDut IV” |= l

’ Delete H Delete All ” Recaver lSimpIify [15el First [Sel. Only [Arg. Comp.

ldle

]’ Abort Racer Reguest

- (#!:Professor)
(#!:Person)

o> .
{top) (#!:ResearchAssistant)

f- k)
(#:ShugEnt <1[#!:Unclergreu:luats,-Stun:Ient}

(#!: TeachingAssistant) i
(#!:ConferencePaper)
/{#!

:Article) (#!:JournalArticle)
[“IFreeze Graph [¥]Auto Update [¥]Show Top [l Show Bottam

(##:TechnicalReport)

@Al Concepts O Cor. Concept O Sel. Concepts & Hor. O

Search & Select [ Clear Selection ” Select Children l E

Info

(#!: Chair)

(#!:Dean)
(#!:FullProfessor)
(#!:VisitingProfessor)

(#!:GraduateStudent) = (#!: StudentTeacher)

(concept-satisfiable? (and #!:PostDoc (not #?:Employee}))

[010] ? (describe-concept
#1:Teachingassistant
C:/semweb-demo/Tubm/university/univ-bench. owl )
[10] » (#l:TeachingAssistant
stold-definition
Cand #l:Person (some #!|:teachingAssistantof #l:Coursel)
Dsynonyms
(#!:TeachingaAssistant)
‘parents
((#|:Person))
:children

| |5) RacetPro

ETALOTEaEYTHO

|| H RacerPra

]

ﬁRﬂcerEditur g@
File Edit Buffer

;55 Class / Concept / TBox Reasoning

{concept-subsumes? #!:Employee #t:PostDoc)

(concept-satisfiable? {and #?:PostDoc {not {some #*:worksFor *
#t:0rganization})))

(define-concept #!:StudentTeacher
{and #!:GraduateStudent
(some H?!:teachingfssistantOf
it :UndergraduateCourse)})
L
;33 Query Answering

{and
#*! :Professor
(and #*:Person (some #*f:headOf #*t:Department)})

(retrieve {7x) (?x H?!:Chair))

Finished evaluating
RacerPro 1.9.3 running on localhost B0EE [case: preserve] - demo.racer
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A o
e fCIassic Layout 'V;

ldle

aus | Axioms | Taxonomy
xes Nlémespace (#!:I,.
niv-ber ABox (fa®)
Fale (")
Axiom (Tax®)
Definition ("def*

‘university/universt Ontalogy Cantai

get-namespace-prefixes)

Response

&1 RacerEditor

’ Delete H Delat

3l 2

HTTP
TCP | Search & Select
Exte

e |013] = CCC?% http: /  waw.
fEat Py http:/
] (7% http://
it (7 http: /f/f
B CC7% http: / fenew,
il Py http: /e

AT
W
W .

Departmentl. Untwvers]tyd.

Department, ersityl.
Departmentl s1ty0.
Departmentl.Untwversytyl.

DepartmentZ.Unjversityl.
DepartmentZ. Uniggesityl.

edu/Ful lProtessary )

adu
edufFullProfessord)

adu
edu/FullProfessord)
edul )

el Individuals .= Last Result l

Exte

Sel. Concepts ;= Last Result ” Clear Selection ” Select Children “ Zele||RacerPro 1.9.3 iunning on localhost 8088 [case: preserve] —- dem

File  Edit

(concept-satisfiable? {and #*:PostDoc {not {(some #*:worksFor #*:0% g_A_i
rganization))))

Buffer

{(define-concept #!:StudentTeacher
{and #?!:GraduateStudent
(some #*:teachingAssistantOf
#t :UndergraduateCourse)})

55 Query Answering

e {and

Hi- #t :Professor

HHH {and #!:Person {some #t:headOf #t:Department)})
(retrieve (7x) (7x H#*:Chair))

;33 CErl-Shift-s

select ?x where { ?x rdf:type lubm:Chair }

select ?x 7y where { ?x rdf:type lubm:Chair . ?x lubm:headOf ?y }

Finished evaluating

Wariable

B THEOTEaEYTHO

Binding

http:
http:
http:
http:
http:
http:

| L3 RacerPro

.Department0.
.DepartmentO.
.Departmentl.
.Departmentl.
.Department?.
.Department?.

' H RacetPro

Uniwersityl.
Uniwersity0.
Uniwersityl.
Uniwersityl.
Uniwersity0.
Uniwersityl.

edu/FullProfessor?

adu
edu/FullfProfessord

edu
edu/FullProfessord
edu

M E S 182



iuND [nfio

ldle

M=%

ans | Axiems | Taxonemy | Role Hierarch](_: ABox Graph | Query 10 | Queries + Rules | Def. Q‘f ’
xes Marespace #:, *n®) http://www.lehigh.edu/%7Ezhp2/2004/0401, |

niv-ber ABox (fa®) C:'semweb-demo/lubm/university/univ-bei
Fale (") 0
Axiom (Tax®) 0
Definition ("def* = Name)
‘university/universt Ontology Container ("o0™) Ci'semweb-demo/lubm/university/universi
120 : READY

’ Delete H Delete All ” Recaver lSimpIify [15el First [Sel. Only [Arg. Comp.

]’ Abort Racer Reguest

[“IFreeze Graph [¥]Auto Update [JOnly Sel Succs [ Trans. Roles [¥Data Fillers [ Tald Only : . . ’ Reset Graph ” Print Gragh ]

Search & Select

adDf %y }

O Allnds. @ Cur Ind. O Sel. Inds. @ Al Roles O Cur. Role O Sel. Rales
@ Hor. OWer. [q ™

4

e ti l Des.c-rih‘e. H Direct Types ” All Types ” Delete Selected ” MSC k... l

. B WO eSO | (3 RacerPro ' A RacerPro 3 orker ] MHAE S 1526




é-ND Infa

ldle

ndividual? http://www.Departmentd Response 123 : READY

M=%

aus | Axioms Taxonomy | Role Hierarchy | ABox Graph |Query 10 | Queries + Rules | Def. Q“ ’
xes Marespace #:, *n®) http://www.lehigh.edu/%7Ezhp2/2004/0401,

™ |2
=R A

niv-ber ABox (fa®) C:'semweb-demo/lubm/university/univ-bei
Fale (") 0
Axiom (Tax®) 0
Definition ("def* = Name)
‘university/universt Ontology Container ("o0™) Ci'semweb-demo/lubm/university/universi

sFor #f:0t |4

’ Delete H Delete All ” Recaver lSimpIify [15el First [Sel. Only [Arg. Comp.

]’ Abort Racer Reguest

nt0.University0.edulFullProfessorT)

F| I Sl
112

Search & Select

G Ao ealaceue

?
(#!:worksFor #!:headOf #!:memberOf}/ )

(#!:teacheroOf)
doctoralDegreeFrom #!:degreeFrom)” ~ ?
(#:undergraduateDegreeFrom #!:degreeFrom)
(#:mastersDegreeFrom #!:degreeFrom) 7

-l(#:emailAddress) T ——

~(#:name)
(#!:researchint t

(#!:taeph"\“‘ﬂ\ (d-literal "FullProfessor7 @Depar..." (d-base-type #!xs:st
\ [ B 1 SR LY P | | o PR R, AL L P B PR S || S " . ._.\\ 2 .v:,

[“IFreeze Graph [¥]Auto Update [JOnly Sel Succs [ Trans. Roles [¥Data Fillers [ Tald Only ’ Reset Graph ” Frint Graph ]
O AllInds. @Cur. Ind. O Sel Inds. @ All Roles O Cur. Role O Sel Rales

i l Descrih‘en” Direct Types ” All Types ” Delete Selected ” MSC k... l

(http :Ihwww.Department0.University0.edu) /?"'

/?

/
.:teacher_Of}/ ?
.:teacherOf}/

.:teacl1er0f}//—”'? ad0f 7y }

?

E

@ Hor. Over. [g e

| £ RacerPro  RacerPro | [ [ HoRAES 1827




H

= |
ISR A

aus | Axioms Taxonomy | Role Hierarchy | ABox Graph |Query 10 | Queries + Rules | Def. Q“ ’
xes Marespace #:, *n®) http://www.lehigh.edu/%7Ezhp2/2004/0401,

™ |2
=R A

niv-ber ABox (fa®) C:'semweb-demo/lubm/university/univ-bei
Fale (") 0
Axiom (Tax®) 0
Definition ("def* = Name)
‘university/universt Ontology Container ("o0™) Ci'semweb-demo/lubm/university/universi
ndividual? http://www.Departmentd Response 123 : READY

sFor #f: 0t ||

é-ND Info | ’ Delete H Delete All ” Recaver lSimpIify [15el First [Sel. Only [Arg. Comp.

ldle ]’ Abort Racer Reguest
(http :Ihwww.Department0.University0.edu) /?"'

?
o
RacerPorter

?
(#!:worksFor #!:headOf #!:memberOf}/ ) .
\!1) ({#:Department))

/
.:teacher_Of}/ ?
.:teacherOf}/

.:teacl1er0f}//—”'? adof 7y }
(#!:teacheroOf)
; - trdoctoralDegreeFrom #!:degreeFrom) ?
R R e (#:undergraduateDegreeFrom #!:degreeFrom)
(#:mastersDegreeFrom #:degreeFrom) —?
\\{#!:enjailAddresM
~(#:name)
(#!:researchintérest
(#!:telepho (d-literal "FullProfessor7 @Depar..." (d-base-type #!xs:st
\ [ B 1 SR LY P | | o PR R, ar ALY PN B PR Sarrenp | | [y T pp—" ) _v‘l,
[£] | I | (2]
[“IFreeze Graph [¥]Auto Update [JOnly Sel Succs [ Trans. Roles [¥Data Fillers [ Tald Only ’ Reset Graph ” Frint Graph ]

?

O Allnds. @ Cur Ind. O Sel. Inds. @ Al Roles O Cur. Role O Sel. Rales
@Hor. OWer, [ [v]

Search & Select i l Descrih‘en” Direct Types H All Types ” Delete Selected ” MSC k... l

B WO eSO | 3 RacerPro A RacerPro | erf'o o ﬂ,)@@ 18:27




ans | Axioms T'ixonomy
xes Namespace (#l
niv-ber ABox (fa®)
Rale (7r7) 7))
Axiom (Tax®) (and

Diefinition (*def* (?x #*lubm:Professor)

A0 bk . ! (7% 7y #*lubnm:teacher0f)
‘university/universt Ontalogy Cantai {7y #tlubm:Course))

& _ get-namespace-prefixes) Response tdo show-lambdas-p t)

HHH é-ND Info | ’ Delete H Delet

&1 RacerEditor
File Edit Buffer

so: |- me— ;3 Aggregation
Idle i

http ;’fwww Degar‘tment[] UniversityQ.edu/AssociateProfessorli?)
2

(( ) lretrieue (7% (count Ty} {group-by 7x})
i (7% http ffxgmw)%)epartmentl.‘swtyo edu/FullProfessord) (and
3

LR (?x #*lubm:Professor)
(7% 7y #*tlubm:teacher0f)

Ty
5
(7% http.ffmnnnr.Departmentl.Umver‘s1ty0.edu/FuHPr‘ofessor‘l) (?y #tlubm:Course)))

s (Cioount 7y) 2))) -

i [17] 7 0 (retrieve (?x (count ?y} (group-by ?x}))

2 E {and {(?x #*:Professor)

133 {7y ?x #*:publicationfuthor)
HH {?y #*:Publication)))

- ;53 Advanced Queries with HAF and Project-to

HTTP

TCP | Search & Select Sel. Individuals ;= Last Result ” Clear Selection H Describ
Exte |F nished evaluating

Exte ’ Sel. Concepts .= Last Result ” Clear Selection ” Select Children “ Zele||RacerPro 1.9.3 iunning on localhost 8088 [case: preserve] —

Yariable Binding
; =xx http:/ wew. Departmentl.Universityl. edu/FullProfessor? <<«
Ty 4

http: /v . Departmentl. University0. edu/FullProfessor?
ﬁttp: S Department0. Universi ty0. edu/FullFrofessors
ﬁttp: e Department2. University0. edu/AssistantProfessoro
§ttp: S e Department2. University0. edu/FullProfessort

http: /e, DepartmentD. University0. edu/Fullfrofessori
4

| TR [T AP P o o PSNP I X P B B BT Py “

B WO eSO | 3 RacerPro fl 1 RacerPro erf'o o ﬂ,)@@ 18:29




ans | Axioms | Taxonomy
xes N'émespace (#1:',.
niv-her ABox (&) File Edit Buffer
Role () 7X))
Axiom (Fax®) {and
Cefinition (*def* = {?x #!'lubm:Professor)

. e il ; (7x %y #tlubm:teacher0f)
“university/universt Ontology Contai {7y H#tlubm:Course))

det-namespace-prefixes) Response

’ Delete H Deletd

%7 RacerEditor

r E)

;5: Aggregation

http.:/{mngn;eréeLE%StmentO.UmvermtyO.edqussom ateProtessorl?) N —

{(:coL
il . 1 ({and
({7x http.ééx;mnféglgpartmentl-m ty0.edu/FullProfessord) o hatessols
G e . - ?x Ty #t*lubm:t herOf
(E%X http-éé?wTégggartmentl.Un1vers1ty0.edu}Fu11Professorl) {?: u%luhmgczurggg)gr )

Iretrieue (7% (count 7y} (group-by 7x})
(and (?x H!:Professor)
{?y ?x #*:publicationfuthor)
{7y #!:Publication))j

;55 Advanced Queries with HAF and Project-to

HTTP sk

TCP | Search & Select Sel. Individuals ;= Last Result ” Clear Selection H Describe|—— .
Exte |[Finished evaluating

Exte l Sel. Concepts = Last Result ” Clear Selection ” Select Children ” Sele||FacerPro 1.9.3 running on localhost 8088 [case: preserve) -— dem

YWariable Binding
: =x> http: /e, DepartmentO. Universityl. edu/FullProfessor? <<<
9
Oy 19

7y
Tyl
?y)
7y
Tyl

http: /fweew . Departmentl.UniversityD.edu/FullProfessor?
.Departmentd. Universityl. edu/FullFrofessore
.Department?.Universityl.edu/AssistantProfessoro
.Department?.Universityl.edu/FullProfessort

Departmentd.University0. edu/FullProfessori

....... [P P PP TR I SN o BN PR i B N = S|

ol B H5338 €3 -] ey [Ei @ | I3 RacerPra I A RacerPro | Lace : ] £ M EE % 1800




|
Quer}.‘ Heﬂd
ldle
13 (conte (T2 7y

T2) ¢

2 content
17 [wval (seco Quer}-' BDd}-’
[23] » NIL
[24] » bench ewl#teacherOD)

(251 7 0

Query Answer

[24] ? (publi {and (V= http:f;’w.lehigh.edw’%?EZMOO*ﬁUUéIUUlmiv—bench. o

| Result Tuple No. 1

’g |http:ffmm.Depa.ttmentU.UniversityU. eduFullProfessor?

E |http:ffmm.Depa.ttmentU.UniversityU. edu/Course 10

| Result Tuple No. 2

’g |http:ffmm.DepaﬂmentU.UmversityO. eduFullProfessor?

E |http:ffmm.DepaﬂmentU.UmversityO. eduf/Coursell

| Result Tuple No. 3

’g |http:ffmm.Depa.ttmentU.UmversityO. eduFullProfessor?

@ |http:ffmm.Depa.ttmentU.UmversityO. edufGraduateCoursell

| Result Tuple No. 4

’g |http:ffmm.Depa.ttmentU.UmversityO. eduFullProfessor?

Show E |httP1ffWW.Depa.ttmentU.UmversityO. edu/Graduate Course 12

Result Tuple No. 5

’g |http:ffW.Depa.ttmentl arversity(. edwFullProfessord

Elhl—hﬁ-ﬁ Tierartment] TTnirereite(l s duf T eures 7

7 RacerEditor

File Edit BEuffer

(evaluate
(let {((res
(retrieve '(7x ?y)
‘{and (7% #*lubm:Chair)
(7% 7y #1lubm:teacher0f)}})))
(with-html i
(html (head)
{(html (title)
{content
(html (body)
{html (h1)
{content
(html (hZ)
{content
{content {query-head
(html (hZ)
{content
{content ({query-body
(html (hZ)
{content
{html {table 1)
(let {{count 8))
{maplist
(lambda {(bindings}
(html (tr)
(html (th 2)
{(content (format nil
{(incf count)3})))
{maplist
{lambda {var-val)
(let {{var (first wvar-val}))
(val (second var-val})))

(html (tr)
(html (td)
{content var})
(html (td)
{content val)})))
bindings))
res)ididl)

{publish-file “C:/semueb-demoschair.html"
“fchair.html™
“text/html™)

HE
;55 Query Reasoning

Fertig

|[Finished evaluating

ol B oMo B e Skl ¢ |23 RacerPra || 1 RacerPro - erPorter & qQueryEvalua... | DE I:l R

RacerPro 1.9.3 running on localhost: 3088 [casze: preserve] - demo.racer  [Li

Ho I BE% 63




First-Order Features of nRQL

 NAF and projection
- e.g., for closed-domain universal quantification

(4

- ,.find the oldest known professor that still gives lectures
(all other known lecture giving professors are younger)

- makes sense, even with Open World Assumption

— Non-DL-safe non-monotonic rules that construct

new 1ndividuals and auto-disable (termination)

e In principle, this is also possible with SPARQL
— equivalent to relational Algebra (Angles, ISWC '08)

— ... but not handy
(no explicit NAF and projection, have to use bound)

24.05.09 Michael Wessel 18



s | Axioms | Taxonomy |
jes Namespace (#i
iv-ber ABox ("a™)

7 RacerEditor
File Edit Buffer

(firerule {and (7x #*lubm:Chair)
EDFE (*r[;) . {neg {?x (an #tlubm:aget)}))
xiom (Max
Definition (*def* 5 ((lambda .
{add-datatype-role-filler
{current-abox)
qet-namespace-prefixes) Response X
(float (+ 38 (random 35)))
[ Delete ” Deletg "#*1ubm:age1))))

runiversity/universi- Ontology Contai

{enable-data-substrate-mirroring)

_(engb'l_g—data—jsubstr'afc.e—m rro% _ (retrieve (?x ?xage)
lata e : {and (?x #*lubm:Chair)

(r‘etr“leve (7>< '?‘*age) (and (7% http\ . gh.edu/%7Ezhp: [ N R R e

! 130 ; "
7 (retrieve (?x ?xage-x)
((E?éahttp ;’émmw DepartmentO Un1vers1ty0 edu;‘Fu'I'lProFessor‘?) Cant (98 RGeS

7 (?% 7y #'lubm:teacher0f)
E?iaggtgg;’éw Departmentl.UniversityD.edu/FullProfessord) (ex Fxage-x Wt lubm:agel)
((?7x gttp ;’/’mmrw Department2.University0.edu/FullProfessord) (neg (project-to (7x) _
[7%age 31.03)0 {and (?7y #*lubm:Chair}

{7y 7z H#!'lubm:teacher0f)
(?=y F=xage-y H*lubm:agei)
{?=*x ?xage-x #tlubm:agel)
(?=age-x Txage-y

|[Finished evaluating

FacerPro 1.9.3 nning on localhost: 8088 [case: prezerve] - del

[ Function Doz l [ Complete Input ]

[ Sel. Concepts = Last Result H Sel. Roles ;= Last Result ” Sel. Individuals = Last Result l

Clear Selection

[ Showe Manual H Save Shell.. H Clear Shell ” Full Reset ” Mew Editor H Open in Editar... ” Load. .. “ Cluit H Shutdown RacerPro & Quit

B - HmlOoS el LHEG |3 RacerPro | H Racerfra 0 o R Mo EE S 3




HTTP
TCP

Exte
Exte

..ND Info
ldle

ans | Axioms | Taxonomy
xes Mamespace (#:,

| ¢ RacerEditor

niv-ber ABox (Fa™)
Role *r)
Axiarm (Fax®)
Definition ("def* 5
“university/universt Ontology Contai

det-namespace-prefixes) Response

’ Delete H Deletd

[Z2

23]

d (?v httph

http',
> (((7>< http: f;’mumr Departmentd. Un1ver‘s1ty0 edu/FuHPr‘ofessor‘?)
CP¥age-x 60,0000

0

Search & Select

) 2

(?*age-x

) (”y ?*age y http\ -

Sel Individuals := Last Result ]

Sel. Concepts = Last Result ” Clear Selection ” Select Children H Sele

File Edit Buffer

{float {(+ 38 {random 35}))
"#*lubm:agei})))

(enable-data-substrate-mirroring}

(retrieve (?x ?=age)
(and {?x #tlubm:Chair)
(?=x 7=xage #*lubm:age1)}}

{retrieve (?x 7xage-x)
{and (?x #*lubm:Chair)
(?x 7y H#'lubm:teacher0f)
(?=xx Txage-x H*tlubm:agei)
{neg {project-to {?x)
(and (?y #*lubm:Chair)
{7y %z #tlubm:teacher0f)
(7=y ?*age-y H#H*lubm:agei)
(7#x T=xage-x H#'lubm:agel)
(T*age-x T*age-y
{:satisfies
{ :predicate <))}))!

il

;5 Report GBeneration

|[Finished evaluating

RacerPro 1.9.3 running on localhost B0EE [case: preserve] -

‘Y ariable

G o el o

Binding
http: /S, Departmento. U
60.0

) RacerPro

[ H RacerPro

niversityl.edu/FullProfessor?

12 A RAES 153




| | Application — Linear Time Event Recognition

ordinary-working-day —% ...
- ~

has-subevent has-subevent

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

tart-stat
stari-state end state start state

next —h next NEXt =—
future
future

future uture

l«— in-region(Home) —=ll=— in-region(Office) —=|
e 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

24.05.09 Michael Wessel 21



11| Ensure Maximum Duration & Homogeneity

... e.g., for the ,,staying in office event*

‘ next

-0
next

in-region

» -0
next next

in-region

‘ next

In-region

24.05.09 Michael Wessel 22



11| Ensure Maximum Duration & Homogeneity

... and construct a new aggregating event,
similar to SPARQL construct

1in-office-event

- -
next next

24.05.09 Michael Wessel
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] nRQL Event Rule Example

(prepare-abox-rule
(and (7s1 state) (7s2 state) (7sl 7s2 future)
(?s1 ?r in-region) (?s2 ?r in-region) (7r office)
(neg (project-to (7s2 ?7r)
(and (7s2 7s next) (?s ?r in-region))))
(neg (project-to (7sl 7r)
(and (?s 7?sl next) (?s ?r in-region))))
e il (neg (project-to (7sl 7s2 7r)
(and (7s1 ?s future) (?s 7s2 future)
(neg (?s ?r in-region))))))
homogeneous (neg (project-to (7sl 7s2)
(and (7e in-office-event)
(7e 7sl start-state)
ﬁre Only once (?e 7?82 end—state)))))

right maximal

((instance (new-ind new-simple-event ?sl 7s2) in-office-event)
(related (new-ind new-simple-event 7sl 7s2) 7sl start-state)
(related (new-ind new-simple-event 7sl 7s2) 7s2 end-state)))

24.05.09 Michael Wessel 24



Solving Constraint Satisfaction
Problems by Reasoning - Sudoku

Create a KB whose
logical models represent

all possible Sudoku solutions. If a Sudoku T (C1UC,LUC5LCy) M
has only ONE solution, then the soluti -

: : C; — VR.ﬁC’l) [1 (CQ — \V/R._‘CQ) [
can be obtained with a query (
(solution = entailed atoms) (C3 = VR.AC3) M (Cy — VR.ACy) I

3 T * @ o o 88

pairwise_disjoint(C, Cs, Cs, Cy)

W\
e

Ll

a3
@ & O

= =

- -
- -
- -
- -
=- -
- -
- -
==
=~
-
-
-
-~
)
~a

Ss

-~

a~

'~
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1 Sudoku — Abox Construction

ABox construction

— by hand? OK for 4x4, but for 9x9?
— create the structure programmatically
(MiniLisp or OWLAPI)

— or via rules from asserted part

— transitive & symmetric property — é

 use different backward property instead of a symmetric property

 qualification over common parent property

24.05.09 Michael Wessel

26



Sudoku (3)

Q1;R
2CR
transitive(Q1)

transitive((Q2)

Ql(CU, y) — QQ(y, LE)

24.05.09

Michael Wessel
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[ =)

Proﬁles| Shell |TBoxes ABo i ertions | Axioms | Taxonoemy | Role Hierarchy | ABox Graph | Guery 10 | Queries + Rules | Def. Q[ - l L l
Mamespace (#:, *n®)
ABox ("a%) default
Ruole (")
Axiom (Fax®)
Definition (*def* = Mame)
Ontology Container (oo™
Response 315 : READY

Mo Infa l Delete ” Dielete All ” Recover lSimpIif}t [JSel First [Sel. Only [Arg. Comp.

33 (1dle [ ]l Abort Racer Request ]

[29] 7 (disjoint http\:f;‘mnnnx.1eh‘Ezhp2{2004{040l{umv—bench.ow]\#Cour"se httph:/Swww. Tehigh. edu/%7EZhp2 /2004 /1 [a
0401 funiw-bench. owl Y #Student)

[29] > :okAY

[30] 7 (retrieve (?x) Cand (7% httph: | ehigh. edu/%7Ezhp2 /2004 /0401 funiw-bench. owl\#Profeszor) (7Fx 7y http\:/ Swaw!

#1ehégh.gggf%TEzhp2f2004f0401funiv—benc Cow | ZNFteacher0f) (v httph:/Swww. Tehigh. edu/%7Ezhp2 /2004 /0401 /uniw-bench. owlh !
Student

nRQL Warn1ng query 106 is inconsistent.
Classityd

I|||II|||I |||II|||II|||II|||II|||II|||II|||II|||II|||II|||II|||II|||I
(30

1 » :inconsistent

[31] ¢ (time (SUDOKU-web ({2 008 5 0007) (070410030) (500020008

(Q Doo0081)y (1200
09453 (380000000 200080009 02009250703 1000360043200

Evaluating (SUDOKU-web ({2 008 S 000 7) (070410030) (500020008 (D
9453380000000 600080009 02009507031 00036004%
[31] = WIL

(321 + 47 RacerEditor
Fil=  Edit Euffer

0
J
0 Do08 1y {12000
took 1.7660 seconds.

{define-primitive-role stransitive tparent
{define-primitive-role ttransitive tparent

{define-primitive-role stransitive tparent
{define-primitive-role ttransitive tparent

{implies top

’ Show hManual ” Save Shell... “ Clear Shell “ Full Reset l@ (and (or c1 c2 c3 ch c5 c6 c7 c8 c9)

{or {(not c1)

{all r {(not c1)})
{(or (not c2)

(all v {not c2)))
{or {(not c3)

(all r {not c3)))
{or {(not ch)

(all r (not ci4)))
{(or (not cb)

Finished ewaluating

FacerPro 1.9.3 rnning on localhost: 8088 [case: preserve] - sudoku.racer |

|3 RacetPro “ HRacerPrn i RacerParter H,J@% 18136




T —— )
f Racerkorter = [ A

L

| Profiles Shell | TBoxas | ARAwac | : L : ~Accartiane | Aviame | Tavanamu | Bala Hiararchu | ABav Granh | Ooane 10 Nnarias + Bulas | Naf I"I[ * ] t]
| —

| mf| <
W

7|

|Nu Info
Idle
[2a] ¥ (disjeir

0401 /uniwv-benck
[29] > :0kAY

[30] 7 (retrie
.lehigh.edu/%7E
#Student)))

NROL warning: c
CTass1fy1n? TB«C
EIIIIIII!I 1.l

30] » :inconsd

[31] 7 (time (&
D945y (38°¢(

Evaluating (suC
94 5 (3 80C

[31] MNIL

[32] 7 (publisk . - . &7 RacerEditor
[22] TOKAY ; . File Edit Buffer

[33]

2 |[O[W][][][&][C0]

(server-function sudoku-wehb)

2] —]

(time (SUDOKU-web
[§]

Shiowe Mant

ocoooNoooo
DoooDooo -
WO mm e M o=k

Moo oo o @@
oD ooDoYoo o
o-oo oo oo

(publish-file "C:/result_html"
"“/sudoku.html™

Finished evaluating

R acerPro 1.9.3 running on localhost: 8088 [caze: preserve] - sudokuracer |

I3 RacerPro H j RacerPro 1 RacerParker & sudoku - Mozi... | DE| D= L hie ! £ HFEN % 1838




] Franz Inc. - AllegroGraph 3.2 & Gruff

e Scalable and persistent RDF Database (Triple Store)

— Loads a Billion triples in 8 hours on a 4 processor AMD machine

- }%oad 10 Billion triples on EC2 (Amazon) on 10 machines in 10
ours

e Free version: 50.000.000 triples
RDFS++ SPARQL / Prolog query answering

- rdf:type, rdfs:domain, rdfs:range, rdfs:subClassOf,
rdfs:subPropertyOf, owl:inverseOf, owl:sameAs,
owl:TransitiveProperty

 Federated

— Create an abstract store that is the union of other triple stores

- Query answering works transparently against abstract store
* Geo-spatial-temporal and SNA predicates
— Accessible from Prolog / SPARQL (extension mechanism)

24.05.09 Michael Wessel 30



¥4 Gruff - An AllegroGraph Browser

File ‘Wiew Add Lok Remowe Layouk Select

Inclusion Opkions  Layout Options  Drawing Options  Table Yiew Options  Help

E Select a directory

the directory of & triple-store databasze to load.

£
E
E
£
E
£
E
E

=

w7 Shalfibbs7 a1 Gabe0aci8cdd
F-(C7) Config bz

¢ demo

r-7) Dokumente undd Einstellungen
r-{_7) Programime

w7 RECYCLER

- 2emweh-cemo

¢ System Volume Information
(=2 triplestores

matiubm

E

Ctrip

F-(0) WINDCWS

FHC D0 (edrom)

lestoresiubmt

Ok

” Cancel ]

£ 2 Windows. ..

-n H RacerPra

Desktop durchsuche

TH L A@EE 1540



™8 Gruff - An AllegroGraph Browser - C:ftriplestores/lubm/ (read-only) g

File Wiew Add Link Remowe Layout Select Inclusion Options Layout Options  Drawing Options  Table View Options  Help
L — —_—

Publicationd

Addvisar

Doctoral Dedgss

Publications

Graduate Publication?
Student? 24

Publication2

aduate
Stuclent113

Teacher

Publications

(Publications ] (Puslicationt ]

Undergraduste Degree From
-

Publication10

Fraduste
ourEe2s

Graduate
Student110

Gracuate
Student] 26

Publication2

Publicationi
aszistant professor

[univers'rty research assistant

Publication3

Graduate
Student 22

Azsistant
Professord

Publications

Vit Liniver sity 868 edu

Graduste
Students3

Graduate Course2

Graduste
Studert115

Full Professord

Azzociate
Protessory

Graduate
Student32

Gracuate
Stuclent25

Graduate
Stuclent104
Graduste
Graduate Course2s
Studentg2
Gracuate
Stuclent?4

Vit Limiversity24 3. edu

Graduate
Students

[Full Professor?] [Full Prc-fess-:-r'ljl

Wiy Liniversity 730.edu

Publication2

Fublicationt 2

sation2

Full Professorg
Full Prafessors

Full Professord

iy Liniversity 994 ecu

Graduste Studentd

Full Professarg

Full Professar2
Full Professors

Publicationd
Graduste
Student128 Graclists
Course22
Publicstiont Graduste Studert3
[i] | 1l

Graduate
Studerti3

Graduate
Student105

Azsociate
Professar2

Graduate
Publication? Student] 44

Wiy Liniversity 597 edu

Vi Limiversity 464 .edu

[l
[2]

B @O eaBaTCHO

| 22 Windaws. .. v“ 1 RacerPro

2 racerors TR oY 0 o cchc| £, T OADS 1814




?ﬂ Gruff - An AllegroGraph Browser - C:ftriplestores/lubm/ (read-only) = v

File ‘Wew #Add Link Remowe Layout Select  Inclusion Options  Layout Options Drawing Options  Table Yiew Options  Help

(3) SRARGL Reeinelert | Nameguery || Revist | Graph View
Do Guery « »
Guery () Prolog Select &l Table View

SELECT %a WHERE {
?a rdf:type <http://wwu.lehigh.edu/%7Ezhp2/20084/04081/univ-bench.owl#iFullProfessor>

H

a predicate cell
- -Click anywhere to go

. ~Fight= o the clipboard. Click a column header
cell to zart the table by that © n. Shift-click a column header to add all nodes in

mn to the graph viewe. The spacebar acts like a left click. The Tab key jumps
guery string and the tables.

Creste Wisual Graph from Results ] ’ Al to Wisual Graph from Resutts
Resuts

Full Professora
= |

Full Professory

?a

Full Professord

Full Professorb

Full Profezsor

Full Professord

Full Professor2

Full Professors

Full Professors

Full Professord

Explicit Nodes from Query Explicit Predicates from Query

full profes=or Type

22 Windows. .. -n [ RacsrPro 2 RacerPor,., - |[REEESETES Desktop durchsuche "miT L AEE 1842




?ﬂ Gruff - An AllegroGraph Browser - C:ftriplestores/lubm/ (read-only) = v

File ‘Wew #Add Link Remowe Layout Select  Inclusion Options  Layout Options Drawing Options  Table Yiew Options  Help

(3) SRARGL Reeinelert | Nameguery || Revist | Graph View
Do Guery « »
Guery () Prolog Select &l Table View

SELECT %a WHERE {
7a rdf:type <http://www.lehigh.edu/%7Ezhp2/20884/ 0481 /univ-bench.ovl#iProfessor>
e
a predicate cell
- -Click anywhere to go
. ~Fight= o the clipboard. Click a column header
cell to zart the table by that © n. Shift-click a column header to add all nodes in
mn to the graph viewe. The spacebar acts like a left click. The Tab key jumps
guery string and the tables.
Creste Wisual Graph from Results ] ’ Al to Wisual Graph from Resutts
Resuts
?a -
o>
Explicit Nodes from Query Explicit Predicates from Query
professar Type

Type or paste a SPARQL query here, then press Do Query.
& o [Ed 1N c

22 Windows. .. -n [ RacsrPro 2 RacerPor,., - |[REEESETES Desktop durchsuche "miT L AEE 1842




?ﬂ Gruff - An AllegroGraph Browser - C:ftriplestores/lubm/ (read-only) = v

File ‘iew #Add Link Remowe Layout Select  Inclusion Options  Layout Options Drawing Options  Table YWiew Options  Help

Mews Triple-Store ... ChrlHN

Load N-Triples ... Chrbbshiptel | Do Guery [ temecuery | [ Redst | &= = e
Load ROF /ML ... Chri+Al+HL Select Al Table View

Open Triple-Stare ... Chrl+O

Open Remote Triple-Store ... Chrl+Al+O

Apply ROFS++ Reasoner CErH-AlE+HR .edu/%7Ezhp2/2084/ 08481 funiv-bench .owl#iProfessor>
1 lubm

2 matlubrn

Sawe Query String Chr+5

Load Query String Chrl+L

Save Layout As Pixmap ... Chrl+Shifk+5

a predicate cell
- -Click anywhere to go
o the clipboard. Click a column header

Clear and Uncache Everything  ChriH-alk+U

cell to zart the table by that ©

Exit Alb+F4 n. Shift-click & column header to add all nodes in
mn to the graph viewe. The spacebar acts like a left click. The Tab key jumps
guery string and the tables.
Resuls Creste Wisual Graph from Results ] ’ Al to Wisual Graph from Resutts
?a -
o>
Explicit Nodes from Query Explicit Predicates from Query
professar Type

Encapsulates the current store with a reasoning store, and browses that reasoning store.

22 Windows. .. -n [ RacsrPro 2 RacerPor,., - |[REEESETES Desktop durchsuche "miT L AEE 1842




% Gruff - An AllegroGraph Browser - rdfs++-lubm (encapsulating C:/triplestores/lubm/) (read-only)

File “Wew Add Link Remowe Lawout Select  Inclusion Options Lawout Options Drawing Options  Table Yiew Options  Help
() SPARGL Reincert
Do Guuery
Guery ) Prolog Select &1

SELECT ?a WHERE {
?a rdf:type <http:/fwww_lehigh.edu/%7Ezhp2/208084/8481/univ-bench.oulfiProfessor’

[ Mame Cuery l [ Revisit l ﬂ ﬂ

H
= browset. Cortrol-click a predicate cell
to toggle whether that pr current predicate. Right-click anywhere to go
back. Control-right-click a cellto copy a URI o the cliphoard. Click a column header
ort the table by that column. Shift-click & column header to add all nodes in
mn to the graph viewe. The spacebar acts like a left click. The Tab key jumps
een the query string and the tables.
Create Visual Graph from Results ] [ Add ta Wisual Graph from Resutts
Results

?a

Azsociate Professord

>

Azsociate Professord

Azsociate Professord

Azsociate Professord

Azsociate Professord

Azsociate Professord

Azsociate Professord

Azsociate Profeszord

Azsociate Profeszord

Azsociate Profeszord

Azsistant Professarl

Azsistant Professaor

Azsistant Professarl

Azsistant Professar

Azsistant Professarl

Azsistant Professar

Azsistant Professarl

Azsistant Professar

Azsistant Professar(

Azsistant Professaor(

Azzistant Professord

Explicit Nodes from Query

Explicit Predicates from Query

professar

Type

http:flwww.Department0.University0.edulAssociateProfessor9

R.acetPro

U ( =] I3 2 Windows. ., v[

§7 2 RacerPar,., =

3
E

Gruff - An Al D

T B@E 84



?ﬂ Gruff - An AllegroGraph Browser - rdfs++-lubm (encapsulating C:/triplestores/lubm/) (read-only) = 4

File ‘Wew #Add Link Remowe Layout Select  Inclusion Options  Layout Options Drawing Options  Table Yiew Options  Help

(3) SRARGL Reeinelert Wame Guery | | Revist | Graph View
Do Guery « »
Guery () Prolog Select &l

SELECT %a WHERE {
?a rdf:type <http://wwu.lehigh.edu/%7Ezhp2/2004/0481/univ-bench.owl#iPerson>

H

[= b browser. Cortrol-click a predicate cell
to toggle whether that pr current predicate. Right-click anywwhere to go
hack. Control-tight-click a cellto copy a URI to the clipboard. Click a column header
ort the table by that column. Shift-click & column header to add all nodes in
an to the graph viewe. The spacebar acts like a left click. The Tab key jumps

een the query string and the tables.

Creste Wisual Graph from Results ] ’ Al to Wisual Graph from Resutts

Resuts

?a

Graduate Studentad - i
Graduate Studentad
Graduate Studentad
Graduate Studentad
Graduate Student:a0
Graduate Student:a0
Graduate Student:a0
Graduate Students0
Graduate Students2
Graduate Students2

Associste Professord

Associste Professord

Associste Professord

As=zociste Professord

As=zociste Professord

As=zociste Professord

As=zociste Professord

As=zociste Professord

Aszociste Professord

Aszociste Professord

Azzociste Professard U
R

Explicit Nodes from Query Explicit Predicates from Query

person Type

Type or paste a SPARQL query here, then press Do Query.
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'?3 Gruff - An AllegroGraph Browser - rdfs++-lubm (encapsulating C:/triplestores/lubm/) (read-only) =
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(9 5PARGL Reindert Wame Guery | | Revist | Graph Viesw
Do Gluery « *
Guery () Prolog Select Al

SELECT %a WHERE {
?a rdf:type <http:/fwuwu.lehigh.edu/%7Ezhp2/2004/0481/univ-bench.owl#Chair>
¥
browezer, Control-click & predicate cell
to toggle whether that pre urrent predicate. Right-click anywhere to go
back. Contral-right-click & cell to copy a URl o the clipboard. Click a column header
rt the takle by that column. Shift-click & column header to add all nodes in
n tothe graph views. The spacebar acts like a left click. The Tab key jumps
en the guery string and the takles.
Create Visual Graph from Resutts ] [ Add to Visual Graph from Resultts
Results
7a
a»
Explicit Nodes from Query Explicit Predicates from Query
chair Type

Type or paste a SPARQL query here, then press Do Query.
L e
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LUBM(8000) = 1.105.993.401 Triples

LUBM(8000) Total query time

1200
1000
800

600 O Series1

Seconds

400
200

AllegroGraph 3.2 Other
Total




So what is the big deal?

LUBM(3000) Total Time

200000+

150000-

O Total Query Time
Seconds 100000 -

W Type Materializations

50000 @ Loading and Indexing

0

Other/Static ~ AllegroGraph  AllegroGraph
3.2 3.2 Federated




Activity Recognition

« Qur customers use AllegroGraph as an event database with social
network analysis and geospatial and temporal reasoning

Find all meetings that happened in November within 5

miles of Berkeley that was attended by the most
%mporgant person in Jans’ friends and friends of
riends.

(select (?x)

(ego-group person:jans knows ?group 2) SNA
(actor-centrality-members ?group knows °?x ?num) SNA

(g ?event fr:actor ?x) DB Lookup
(gs ?event rdf:type fr:Meeting) RDFS
(interval-during ?event “2008-11-01" “2008-11-06") Temporal

(geo-box-around geoname:Berkeley ?event 5 miles) Spatial

')



Social Network Analysis
Answers 4 questions

. Sdam
How far is P1 from P2 P haraon (ims of Fsss) . Nicodemus
(and how strong is the Rangy EFSUS T sarah oan
. . glBSSE istarel
re | at| O n ? ) -Saﬁlus : |E“: hflng : |I':r1 (mother of Je sﬁslfs?nlafj I11L|I3?1
.Jusenh (father of Jesus)  gloses (brother of Jesus)
To what groups does o> gyracop . @ames brotherofssus) | | @Mk gngcp
i : avie . -
this person belong RS L& ..Emah armalyas et e
I A oE53U gfsaial @ 0" the Bastist .~ —ePemas
(ego groups, cliques?) Prges <. @ sins
. H 1 Filate BSUS olero
HOW Im.portant IS thl’f ,.,-Jl.'.ISL:.'ICll"I.WIE“‘!III [ﬂaﬁamne | .."-".hE.| .LLI|{E S
person in the group” @ giinev Sy TN
. oJUtas (son of James) = Petel -S':'mm':'ﬂTimntlw
DoeS th|S group have eSimon (?fc‘-"'e'm}' .James {sonof Zebedee) — Epaphras
a leader, how cohesive s i kg
y gloseph (of Arirmathea) gHerodias gApollos
are they’) @/ames (son of Alphasus) @ JBarabbas J'*"E”maaw {DféJEIill:llgll:ll'ﬁl':I

@Fhilip (the apostlz) @PFartholomewgCaiaphas gpriscilla ghquila

.Thnmas..&lphaeus (father of James)
L hilip the evangelist)

Jielchizedels



GeoSpatial

&
o

:
Make the following super efficient | ?
— Where did something happen? |
— How far was event1 from event2? |
— Find all the events that occurred |
in a bounding box or radius of |
M miles? sl bzl

— Do these two shapes overlap? e gaE)

— Find all the objects in the g
Intersection of two shapes
On a very large scale

— when things don't fit in memory
— millions of events and polygons

texture seam

-
.......

. s=theta/zPl
; t=1 - phiFl



Temporal Reasoning

% {interval-before ?el ?2e2)

 Adhere to our convention T

% {interval-meets ?el ?2e2)

. 7
to encode StartTimes and =

{interval-overlaps ?el ?e2)

EndTimes and enjoy

efﬂClent temporal % {interval-starts ?el 2?2e2)
" ngn 8 “ . ) - R
prlmltlves 7//>>\>>/\>>>/\>>////% (interval-during ?el ?e2)
() IrT]F)IE?fT]EBf]tEﬂtiC)T] ()f ZZZ%%%%%%% {interval-finishes ?el ?e2)
A”en,S Interval 77 {interval-after ?el ?e2)
IC)gJi(: F)rirT1iti\/EBS; 7 %fk - {(interval-met-by ?el ?e2)

W {interval-overlapped-by ?el ?eZ)

% {interval-started-by ?el ?e2)

N V /41 N {(interval-contains ?el ?2e2)

% {interval-finished-by ?el ?e2)

{interval-cotemporal ?el ?e2)




A SPARQL query spanning 4 sources

prefix go: <http://purl.orglobo/owl/GO#=

prefix rdfs: <http/fwww.w3.org/2000/0 1/rdf-schema#>
prefix owl: <http:/iwww.w3.0rg2002/07/owkE>

prefix mesh: <http://purl.org/commons/record/mesh/>
prefix sc: <http:/ipurl.org/science/owlisciencecommons/>
prefix ro: <http:/hwww obofoundry.orgrolro.owl#=

select 7genename 7processname )

where

{ graph <http://purl.org/commens/hcls! pubmesh:
Eiﬁ:-:aper p mesh:D017966 . 4~

article sc:identified by pmid ?paper.

’r‘gene sc.descrbes gene or_gene product mentioned by ?article.

gH h <http: a”EurI org/commons/hels/goa>
{ protein rdfs:subClassOf Pras.
?res owl:onProperty rochas_function.
7res owl:someValuesFrom Pres2.
7res2 owl:onProperty ro:realized _as.
7res2 owl:someValuesFrom ?process.
graph <http:fpurl.org/commons/hels/200704 16/classrelations=
{{?process <http://purl.orglobolowliobo#part_of> go:GO_0007166}
union v
{?process rdfs:subClassOf go:GO_0007166 }} \“‘\
?protein rdfs:subClassOf ?parent. .
?parent owl:equivalentClass 7res3.
7res3 owl:hasValue 7gene.

.,

)

graph <http:fpurl.org/commons/hels/gene:
£ene rdfs: IaIJeI g enenamer]h

grqp <http:{/purl.org/commons/hels/200704 16>

{ ?process rdfs:label ?processname}

-Mesh: Pyramidal Neurons

\

Pubmed: Journal Articles

\

Entrez Gene: Genes

\

“GO: Signal Transduction




] AllegroGraph and RacerPro

e Racer can do type & property materialization for AllegroGraph
— Racer can read OWL RDF from triple store, web or file

— materialize inferences (,,type & property materialization®)
— write back
— e.g., ontology repository ofthe " boem: .?—~ EU project
e Much better than relational DB, same data model

* Integrated with RacerPro
« SPARQL queries from AllegroGraph, Gruff, ...

 Drawback: type materialization only possible for Aboxes that fit
In main memory

— future work: RacerPro reasoning directly on triple store

— not limited w.r.t. main-memory size

24.05.09 Michael Wessel 46
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= External

; STS @
21879
; Deuts

; Initi
: Site)
; This

HTTP sery
TCP servi
External

& RacerPorter

d5erve—ag

e

Profiles | Shell :TBOHES'ABD}{ES Concepts | Roles | Individuals | Assertions | Axioms | Taxonom

Active Profile 4: Localhost / Big TBoxe_s, Big ABoxes Marmespacy

TBox (") Ci'semweb-demo/lubm/university/univ-ber ABox ("a™

Cancept ("c™) 0 Raole (™)

Individual (") 0 Axiom (fax®)

Cluery f Rule (*gor®) Definition (*def* = Mame

Reasoner Container (*or*) C:/'semweb-demo/lubm/university/universi Ontology Container (*oo®) C:'semweb-demo/lu
Request 365 : (get-namespace-prefixes) Response 365 : READY

!Classic Layout VE |« < 44744

ldle

| Delete || Delete Al ]Simplify [JSel. First [JSel Only [JArg. Camp. |

[

][ Abort Racer Request

Reading
Reading

Reading
Reading

Reading
Reading

ontology C:/semweb-demo/ Tubm/uniwversity/universityl-O.owl. ..
ontology C:/semweb-demo/Tubm/university/university0-0. owl done..

ontology C:/semweb-demo/lubmfuniversity/funiversity0-1.owl. ..
ontology C:/semweb-demo/Tubm/university/university0-1. ow'lde.

ontology C:/semweb-demo/lubmfuniversity/funiversity0-2.owl. ..
ontology C:/semweb-demo/Tubm/university/university0-2. owl done.

[36] » WIL

[37] ¥ Ematerialize-inferences

Ccurrent-abox)

:db "matlubm" :directory "c:/ftriplestores /"
:all-different-p t

rsame-individual -as t

irole-fillers ¢

:told-datatype-fillers t

:subgraph-markers nil

irename-individuals nil
tin-caze-individuals-are-renamed-keep-originals tij

]

Arguments of materialize-inferences: KE-NAME &REST ARGS

[ Function Doc ] l Cormplete Input ]

[ Show Manual H Save Shell... ” Clear Shell ” Full Reset “ Mew Editar “ Open in Editar... “ Laoad... ” Cluit H Shutdown RacerPro & Quit
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i 32 Windows, .. *'l! HRBCBFPVU

12

T B 1551




8 Gruff - An AllegroGraph Browser - rdfs++-lubm  {encapsulating C:/triplestores/lubm/) {read-only)

File Wiew Add Link Remove Layout Select  Inclusion Options  Lawout Options  Drawing Options

Table Wiew Options  Help

(9 5PARGL Reindert Wame Guery | | Revist | Graph Viesw
Do Gluery « *
Guery () Prolog Select Al

SELECT ¥a WHERE {

¥
browezer, Control-click & predicate cell
to toggle whether that pre urrent predicate. Right-click anywhere to go
back. Contral-right-click & cell to copy a URl o the clipboard. Click a column header
rt the takle by that column. Shift-click & column header to add all nodes in
- n tothe graph views. The spacebar acts like a left click. The Tab key jumps
E Select a directory Mithe guery string and the takles.
| Specify the directary of & triple-store database to losd.
Create Visw Add to Visual Graph from Resultts ]
Resultz -
a»

[y Canfig Msi [~
[ demo
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()

Ok H Cancel ]
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Student392-3451312911-27016 Student113-3451312811-27295

~. 7
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..I’ Graduate
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LT Administrative Staff
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_E:ICIencal Staff
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[ Graduste Student
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[ Post Doc

[+ Profes=zor
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[ Systems Staft

[ Teaching As=istart
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Professor
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hroweser. Control-click a predicate cell
to toggle whether that pre urrent predicate. Right-click anywhere to go
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Boot g Onibo

Extraction from Athletics New WebPages

ih M & Information Exirac

rg - Ofto and Maresova notch p victories in Dessau - Mozilla Firefox
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Meistbesuchte 5... v [EopenSUSE~ P Getting Started  [51]Latest Headlines ~

Similar to OpenCalais,
but with deeper and
athletics-domain specific
interpretation capabilities, e.g.
can hypothesize complex
Sports events from parts
By combining ,,clues
from different modalities
— ontology-based abduction
mechanism!)

COMPETITIONS | STATISTICS | NEWS CENTRE | VIDEO/AUDIO | FANZONE | ATHLETES | DEVELOPMENT ABOUT|

Latest News Press Releases Newsletters IAAF Magazine Focus on Athletes Photy

March 2009

Monday,

Otto and Maresova notch jump victories in Dessau

Dessau, Germany - Bjarn Otto of Garmany and Czech Oldriska
Maresova took their events at the 8th Jumpers’' Meeting in Dessau on
Sunday (01) afternoon in front of about 1,500 spectatars,

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

Men's Pole Yault -

5.60m proved to be the decisive height in Dessau’s Anhalt Indoor
Arena. While there were eight athletes still in coantention anly twa
were left when the bar was lifted to 5,70m: Otto, who had cleared the -
crucial height of 5.60m at his second attemptin convincing style, Bjomn Otto of Germany in action in the Men's Pole Yault Final
was in the lead while Russia's Viktor Chistiakov had passed this (Getty Images)
height after clearing 5.50m with plenty of room above the bar,

RELATED CONTENT

Tobias Scherbarth, who had convinced throughout the indoor season
with the exception of the vital qualifier at the German indoors last
week, was one of those who had promising attempts at 5.60m, but
finally had to settle for third with 5.50m. Lars Birgeling also almast
cleared 5.60m, but had to settle for fourth with 5.40m. After the
dramatic competition at the German indoors in Leipzig eight days
earlier it became obvious that the national pole vaulters lacked some
tension,

Mot so Otto, who had very good first and third attempts at 5.70m - a height which he had not cleared this winter, Together with his
5.60m jump these three jumps had looked as in his best times two years ago, when Otte had wan a silver medal at the Eurapean
Indoars, This time in Turin he will nat be able to compete,

"But my indoor season gives me confidence regarding the summer, when I want to be back in peak form and qualify for the World
Championships,” Otte said. "It was good to see that it was getting better and better during this indoor season, It was impartant ta get
canfidenca back aftar my Achillas tandon aperation last year”

Women's High Jump -

Three women were leftin competition when 1,89m had to be cleared: Maresova had cleared all her other heights of 1,75 m, 1,.80m and
1.85m at her first attempts. Germany’s Aileen Herrmann and Bulgaria’s Mirela Demireva had not been that canvincing. but managed o
jump 1.85m at their final attempts. But for Herrmann and Demireva 1.89m was too high an Sunday. Demireva settled for third and
Herrmann took second while Maresova did clear 1,89m at her third attempt.

The 22-year-old Czech from Prague then went on for 1.92m, which would have been a personal best, So far she had jumped 1,90m this
indaor 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 vary close today.” said Maresova, who will resume her indoor seasan with two national meetings in mid March. While she has
not managed to qualify for Turin Maresova is optimistic concerning Berlin,

"7 will have toinmn 1.95m ro analify for the Warld Chamnionshins. T am antimisric of reachinn thar anal. hecanse rhers is nor thar

Fertig y
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Hestrie Cloete on her lap of honour
ISTAF Berlin (Getty

Boemieinfo

Denis waTs undnﬁbtedly

%-Ilﬂﬂre 7 Paris,

Zurich offers hig Mutola of
Friday 15 Auous| PEFSONName rverge of a
Zurich, SWIZetd cjick for mors Read all ahout the person of Heztrie Closte :‘J,UUUm World

Again convene o o e

celebrate another edition ofthe "/ eltkla
atthe adjacent Letzigrund stadium toda

As the penultimate stage ofthe |4

takes on paricular significance as the v

AF o Read more about other athletes

breselassie will
in World record

high pressure gauge of form, just a wes Add this person to your address bool s with 32913 -
oOth 1AAF World Championships in Athle ckpot path
Denis (23 ? 31 August 2003).

witzerland 7

Cloete and Ayhan to headline again

Hestrie Cloete and S?revya Avhan were the
undoubted stars of last Sunday?s [STAF
Golden League meeting in Berlin, and the
South African World High Jurnp champion and
the Turki=sh Eurapean 1500m gold medallist
are sure to be headlining again in Zurich.

Cloete with a practically unblemished scare
card up to and including her 2.05m African

S?reyya Avhan
wins in ISTAF
Berlin

(Getty Images)

record in Eerlin, will have a Waorld record 210 clearance in her
sights once more today. Wearing the 72107 hib number on her

Juashed any
)

- Live fram Zurich - |1AAF 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 Worlds
Fri 15 Aug 2003
15 August 2003 ? Zurich, Switzerland 7 The
‘who?s who' of warld athletics has once

vest last Sunday was perhaps too weighty a burden to carry as her
thres heavily failed Aatternnts oroved bot that heioht is surely within

again convened ..
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BOEMIE Project

_—Yelena Isinbayeva of Russia on

a-"'""’-’
- her way to victory (Getty
Images)
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ani Conclusion

[ have demonstrated

— RacerPro & RacerPorter

e Standard reasoning
* ABox query answering
» Solving application problems with reasoning

* Convenient & flexible ad hoc extensibility

- AllegroGraph & Gruff
« SPARQL query answering (Prolog also possible)

e Visualization
e« RDFS++ query answering

. Type and inferred property materialization via RacerPro

e Thanks @

24.05.09 Michael Wessel
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] Abox Query Answering

Assuming all blocks are
red or green - 1s there a

green block on the table
which is next to a red one?
(Brachman & Levesque)

on-table, next-to, block, green, red, ...

Formalization { blockCred LI green, next_to=next_to* }
{ t :table,lb: greenMblock,rb : red M block,
block, green mb : block, ob : green M block,

(Ib, t) : on_table, (ml, t) : on_table, (rb,t) : on_table,
(gb, ob) : next_to, (ob, rb) : next_to }

Ask for instances of the concept
Z> table T

. Jon_table™1. (block M green I
Problem Solving Inext_to.(red M block))
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] Abox Query Answering (2)

There are two possiblities.
If the middle block 1s red,
then the green left block is
next to a red one. But...

a»
a>
—
block, green block, red

next-to

on-table

. ~..
el table “*~table N
----------- Jon_table™t. (block M green M
dnext_to.(red M block))
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] Abox Query Answering (3)

... if the middle block is green,
then it is also next to the right
Block, which is red. So, yes,
there ALWAY'S EXISTS such
a block on the table!

block, green block, green

~

A Y
AN . table

R “ts~table I

~
il

“=-----Jon_table=t. (block M green M
dnext_to.(red M block))
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1 Full Conjunctive Queries

ans(x) < table(x),on_table(y, x),

block(y), green(y),
next_to(y, z),red(z), block(z).

Answer: * = 1
« However, no answer for head ans(y) « ...

— distinguished variables in head: binding must hold in ALL
models (,,certain answer*)

— other variables: treated as existentially quantified
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] Grounded Conjunctive Queries

ans(x) < table(x),on_table(y, x),

block(y), green(y),
next_to(y, z),red(z), block(z).

Gives no answer in nRQL!

e In grounded conjunctive queries

— ALL variables are distinguished; a binding 1s only established 1ff
it holds in ALL models

— grounding: subst. variables <> entailed assertions
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! Grounded CQs vs. Full CQs

ans(x) < (table N Jon_table™t....)(x)

In this example, a complex concept can be used. But that's not
always the case

e Rolling up* technique
— note that variables may introduce coreferences

— no automatic rolling up in nRQL

— newer results for full conjunctive queries and OWL available, but
not implemented AFAIK
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