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more and more ontologies and ontological stream data available thanks to
.. related standards (RDF, OWL) becoming established
.. the community (across many application domains) is growing fast

.. In this tutorial: How to use OWL 2 for linked dada, as well as efficient
and scalable stream reasoning for OWL 2

Jeff/Z. Ban
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= Introduction to Linked Data and OWL 2 (90m)
= C-SPARQL: A Continuous Extension of SPARQL (90m)

Stream Reasoning techniques for RDFS and OWL2-RL
(60m)

Approximate Reasoning and Approximate Stream
Reasoning for OWL2-DL (60m)

Hands-on Session (60m)

Sot 8401 DN
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| What is RD\F

= Resource Description Framework

e Makes content machine readable by
introducing descriptions/annotations

= RDF statements
o triple
= Examples (in N3 and XML syntax)

<http://www.w3.0rg/People/Berners-Lee/card#i> foaf:knows
<http://dblp.13s.de/d2r/../Dan Brickley> .

<rdf:Description rdf:about=*“http://www.w3.0rg/People/Berners-Lee/card#i”>
<foaf:knows rdf:resource=“http://dblp.13s.de/d2r/../Dan Brickley ”>
</rdf:Description>

Jeﬁﬁ. :#aH /H ’ | \\ \\\ \}\ \\ T
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(i) directly by the publishers
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FOAF/RDF linked from a home page
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) by e.g. GRDDL transformations, D2R, RDFa exporters, etc.

. personal data (foaf:name, foaf:phone,

etc.), relationships (foaf:knows, rdfs:seeAlso )

(&) Tim Berners-Lee (@)
Contents See also 000 Source of: http:/ /www.w3.0rg/People (Berners-Lee fcard#i (@)
Longer Bio
. Research at MIT-CSAIL X O

Short bio Talks <!-- Processed by Id: cwm.py,v 1.197 2007/12/13 15:38:39 syosi Exp -->
Before you mail me Design Issues: web architecture <l-= using base file:///devel/Www/People/Berners-Lee/card.n3-->
Address N -

. World Wide Web Consortium
Talks, articles etc Fr tly Asked Questi
Speaking engagements equently Asked Luestions <rdf:RDF xmlns="http://xmlns.com/foaf/0.1/"

Kids' Questions
blog
Weaving the Web - the book

Press interviews

Tim Berners-Lee

Tim Berners-Lee is the Director of the World Wide Web Consortium, a Senior

Research Scientist and the 3COM Founders Professor of Engineering in the School of
Engineering, with a joint appointment in the Department of Electrical Engineering
and Computer Science MIT's CSAIL where he leads the Decentralized Information
Group (DIG), and Professor of Computer Science at Southampton ECS.

Weaving the Web by Tim Berners-Lee with Mark Fischetti, (Harper San Francisco;
Paperback: ISBN:006251587X, Abridged audio cassette ISBN:0694521256) and several
other languages. 1997.

xmlns:cc="http://creativecommons.org/ns#"
xmlns:con="http://www.w3.0rg/2000/10/swap/pim/contact#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:geo="http://www.w3.0rg/2003/01/geo/wgs84_pos#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:s="http://www.w3.0rg/2000/01/rdf-schema#">

<rdf:Description rdf:about="../../2002/01/tr-automation/tr.rdf">
<dc:title>W3C Standards and Technical Reports</dc:title>
</rdf:Description>

<PersonalProfileDocument rdf:about="">
<cc:license rdf:resource="http://creativecommons.org/licenses/by-nc/3.0/"/>
<dc:title>Tim Berners-Lee's FOAF file</dc:title>
<maker rdf:resource="http://www.w3.org/People/Berners-Lee/card#i"/>
<primaryTopic rdf:resource="http://www.w3.org/People/Berners-Lee/card#i"/>
</PersonalProfileDocument>

A

v

€

) J 4>

A graduate of Oxford University, England, Tim Berners-Lee is the 3COM Founders
Professor of Engineering in the School of Engineering, with a joint appointment in

Line 417, Col 11 V2

Jeff 2/ r’F‘%aH
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= (i) directly by the publishers

= (ii) by e.g. GRDDL transformations, D2R, RDFa exporters, etc.
e.g. L3S’ RDF export of the DBLP citation index, using FUB’s D2R (http://dblp.I3s.de/d2r/)

o000 DBLP: Tim Berners-Lee (@] © O O Tim Berners-Lee | D2R Server publishing the DBLP Bibliography Database, hosted at L3S Research Center
0,.uni-trier.de | Tim Berners-Lee 4
5! I—(omputer po— ﬂ Universitat Trier Resource URI: http://dblp.I3s de/d2r/resource/authors/Tim_Berners-Lee |
T | sibliography

inl p | B} Home | Example Authors
Property Value
. is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/conf/aaai/KagalBCW06>
Tlm Berners-Lee is dc:creator of <http://dblp.I3s.de/d2r/reso ications/conf/policy/HansonBKSW07>
is dc:creator of <http://dblp.I3s. de/d2r/resource/publlcatlons/conf/poIlcleagaIBCW06>
is dc:creator of <http://dblp.I3s.d ions/conf/sit Berners-Lee88>

List of publications from the DBLP Bibliography Server - FAQ q is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/conf/wac/Berners-LeeCPS05>

is dc:creator of <http://dblp.I3s.de/d2r/resol ications/cor rers-Lee05>

Coauthor Index - Ask others: ACM MGuidc - CiteSeer - CSB - Googl N is dc:creator of <http:/dblp.I3s.de/d2r/resource/publications/conf/www/BizerHIB08>
MSN - Yahoo is de:creator of <http://dblp.I3s.de/d2r/resource/publications/conf/www/ShadboltBHHB06>

is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/journals/cacm/Berners-Lee97>
Home Page is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/journals/cacm/Berners-LeeCLNS94>
= is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/journals/cacm/HendlerSHBWO08>
is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/journals/cacm/WeitznerABFHS08>
2008 is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/journals/cn/Berners-LeeCG92> U
20 |EE |Christian Bizer, Tom Heath, ngSICV Idehen, Tim Berners-Lee: is dc:creator of <http://dblp.I3s.de/d2r/reso ications/journals/comg Berners-Lee96>
’7’7 Linked data on the web (LDOW2008). WWW 2008: 1265-1266 is dc:creator of <http://dblp.I3s.de/d2r/resoL ications/journals/corr/abs-0711-1533>
is dc:creator of <http:/dblp.I3s.de/d2r/resource/publications/journals/en/Berners-LeeCGP92>
19 [EE [Daniel J. Weitzner, Harold Abelson, Tim Berners-Lee, Joan is de:creator of <http://dblp.I3s.de/d2r/resource/publicationsfjournals/expert/ShadboltBHO6>
Feigenbaum, James A. Hendler, Gerald J. Sussman: Information is dc:creator of <http:/dblp.I3s.de/d2r/reso ications/journals/ftweb/Berners-LeeHHOSW06>
accountability. Commun. ACM 51(6): 82-87 (2008) e is dc:creator of <http://dblp.I3s.de/d2r/resoL ications/journals/tplp/Berners-LeeCKSH08>
is dc:creator of <http://dblp.I3s.de/d2r/resource/publications/www/org/w3/http1-1> v
y<1>1 /)

U
Gives unique URIs to authors, documents, etc. on DBLP! E.g.,
http://dblp.13s.de/d2r/resource/authors/Tim_Berners-Lee,
http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSH08
Provides RDF version of all DBLP data + query interface!

Jeff 2/ ‘i#a“
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= Data in RDF: Triples
e DBLP:

<http://dblp.13s.de/../journals/tplp/Berners-LeeCKSH08> rdf:type swrc:Article.
<http://dblp.13s.de/../journals/tplp/Berners-LeeCKSHO08> dc:creator
<http://dblp.13s.de/d2r/../Tim Berners-Lee>

<http://dblp.13s.de/d2r/../Tim Berners-Lee> foaf:homepage
<http://www.w3.o0rg/People/Berners-Lee/>

<http://dblp.13s.de/d2r/../Dan Brickley> foaf:name “Dan Brickley””"xsd:string.

e Tim Berners-Lee’s FOAF file:
<http://www.w3.0rg/People/Berners-Lee/card#i> foaf:knows
<http://dblp.13s.de/d2r/../Dan Brickley>
<http://www.w3.0rg/People/Berners-Lee/card#i> rdf:type foaf:Person
<http://www.w3.0rg/People/Berners-Lee/card#i> foaf:homepage
<http://www.w3.o0rg/People/Berners-Lee/>

Jeff 2/ r’F‘%aH
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= SPARQL — W3C approved standardized query language for RDF:
* look-and-feel of “SQL for the Web”
« allows to ask queries like
—  “All documents by Tim Berners-Lee”
— “Names of all persons who co-authored with authors of
http://dblp.I3s.de/d2r/.../Berners-LeeCKSHO08 or known by co-authors”

Example:

SELECT 7D
FROM <http://dblp.l3s.de/../authors/Tim Berners-Lee>

WHERE {?D dc:creator <http://dblp.13s.de/../authors/Tim Berners-Lee>|}

ot 0 I
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'SPARQL more complex patters: e.

m “Names of all persons who co-authored with authors of http:/
dblp.13s.de/d2r/.../Berners-LeeCKSH08"

SELECT ?Name WHERE

{ <http://dblp.13s.de/d2r/resource/publication/journals/tplp/Berners-LeeCKSH08>
dc:creator ?Author.

?D dc:creator ?Author.
?D dc:creator ?CoAuthor.

?CoAuthor foaf:name ?Name
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m “Names of all persons who co-authored with authors of http.//dblp.I13s.de/
d2r/.../Berners-LeeCKSHO8 or known by co-authors”

o000 DBLP: Tim Berners-Lee =)

0, .uni-trier.de

lllpll |

% Computer Science “Universitﬁt Trier |

Bibliography

ournals/tplp/Berners-LeeCKSH08>

Tim Berners-Lee |

Tim Berners-Lee

Contents See also | o000 Source of: http://www.w3.org/People/Berners-Lee/card#i
List of publications from the Longer Blo
. Research at MIT-CSAIL .
Short bio ) Talks <!-- Processed by Id: cwm.py,v 1.197 2007/12/13 15:38:39 syosi Exp -->
iz?rfee;svou mail me Design Issues: web architecture <l-- using base file:///devel/WwwW/People/Berners-Lee/card.n3-->
Coauthor Index - Ask others World Wide Web Consortium d

Talks, articles etc
Speaking engagements
Press interviews

Frequently Asked Questions

o . <rdf:RDF xmlns="http://xmlns.com/foaf/0.1/"
Kids' Questions

xmlns:cc="http://creativecommons.org/ns#"
blog . 1 xmlns:con="http://www.w3.0rg/2000/10/swap/pim/contact#"
Weaving the Web - the book

o xmlns:dc="http://purl.org/dc/elements/1.1/"
< Home Page 4 ﬁ xmlns:foaf="http://xmlns.com/foaf/0.1/"

MSN - Yahoo

. xmlns:geo="http://www.w3.0rg/2003/01/geo/wgs84_pos#"
T]m Bernel’S-Lee xmlns:owl="http://www.w3.0rg/2002/07/owl#"
R xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
Tim Berners-Lee is the Director of the World Wide Web Consortium, a Senior xmlns:s="http://www.w3.0rg/2000/01/rdf-schema#">
j Research Scientist and the 3COM Founders Professor of Engineering in the School of C s .
—— — - X N : L 3 . 4 N . <rdf:Description rdf:about="../../2002/01/tr-automation/tr.rdf">
20 EE Chrlstlan Blzcr. Tor Engineering, with a joint appointment in the Department of Electrical Engineering <dc:title>W3C Standards and Technical Reports</dc:title>

and Computer Science MIT's CSAIL where he leads the Decentralized Information E < . iption>
Linde data on Ihc 3 Group (DIG), and Professor of Computer Science at Southampton ECS. I O n S /xdf:Description

. ) ) _ _ ) < : : N
—_— Weaving the Web by Tim Berners-Lee with Mark Fischetti, (Harper San Francisco; personalProfileDocument rdf:about

< . <cc:li : =" H i . i - .0/ />
19 |EE [Daniel J. Weitzner, Paperback: ISBN:006251587X, Abridged audio cassette ISBN:0694521256) and several D e D rans-OTg/1icenaes/by-na/3.0/%/
To: other languages. 1997. <maker rdf:resource="http://www.w3.org/People/Berners-Lee/card#i"/>
FClﬂcnbaum, Jamcﬂ OA <primaryTopic rdf:resource="http://www.w3.org/People/Berners-Lee/card#i"/>
oqs Bio </PersonalProfileDocument>
accountability. Com —_—————————————————— 3
. A graduate of Oxford University, England, Tim Berners-Lee is the 3COM Founders a Line 417, Col 11

18 [EE James A. Hendler, } Professor of Engineering in the School of Engineering, with a joint appointment in v B
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e DBLP:

<http://dblp.13s.de/../journals/tplp/Berners-LeeCKSH08> rdf:type swrc:Article.

<http://dblp.13s.de/../journals/tplp/Berners-LeeCKSHO08> dc:creator
<http://dblp.13s.de/d2r/../Tim Berners-Lee> .

<http://dblp.13s.de/d2r/../Tim Berners-Lee> foaf:homepage
<http://www.w3.0rg/People/Berners-Lee/> .

e Tim Berners-Lee’s FOAF file:

<http://www.w3.0rg/People/Berners-Lee/card#i> foaf:knows

<http://dblp.13s.de/d2r/../Dan Brickley> .
<http://www.w3.o0rg/People/Berners-Lee/card#i> foaf:homepage

<http://www.w3.0rg/People/Berners-Lee/> .

m Even if | have the FOAF data, | cannot answer the query:

m Different identifiers used for Tim Berners-Lee
m  \Who tells me that Dan Brickley is a foaf:Person?

® Need OWL and Reasoning!

Jeffiz.Ban ||| |
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Reasoning on Semantic Web Data eswc i
u o000 : : : _ » }:OAF Vocabulary Spe_ciﬁca;tion
[ « I > ] [ C] [g(] [+ ] &R http: / /xmins.com /foaf/spec/ ~'Q- foaf specification [5)

FOAF Vocabulary Specification 0.91 C

Namespace Document 2 November 2007 - OpeniID
Edition

FOAF at a glance

An a-z index of FOAF terms, by class (categories or types) and by
property.

Classes: | Agent | Document | Group | Image | OnlineAccount |

OnlineChatAccount | OnlineEcommerceAccount |
OnlineGamingAccount | Organization | Person |

PersonalProfileDocument | Project |

Properties: | accountName | accountServiceHomepage | aimChatiD |
based near | birthday | currentProject | depiction | depicts |
dnaChecksum | family name | firstName | fundedBy | geekcode |
gender | givenname | holdsAccount | homepage | icaChatID | img |
interest | isPrimaryTopicOf | jabberID | knows | logo | made | maker |
mbox | mbox _shaisum | member | membershipClass | msnChatID |
myersBriggs | name | nick | openid | page | pastProject | phone | plan |
primaryTopic | publications | schoolHomepage | shal | surname |
theme | thumbnail | tipjar | title | topic | topic interest | weblog |
workInfoHomepage | workplaceHomepage | yahooChatlD |
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Ontolo

foaf:knows rdfs:domain foaf:Person
Everybody who knows someone is a Person
dknows. T C Person
foaf:knows rdfs:range foaf:Person
Everybody who is known is a Person
dknows™ . T C Person
foaf:Person rdfs:subclassOf foaf:Agent
Everybody Person is an Agent.

Person C Agent

foaf:homepage rdf:type owl:inverseFunctionalProperty

A homepage uniquely identifies its owner ("key”
property)

T E< lhomepage™




R 40
Why Reasoning

/N

£A

BSIuE o

explicit data

Because, e.g., we
want to exploit implicit
data for “query
answering”

Linked Data

Jest 9afl 11 11 VAN
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_Example: Why Reasoning =y

Query:
Give me all buses for which Aberdeen Station is

the origin station
dbp:Aberdeen station ex:originOf ?bus.

dbp:Aberdeen station ex:originOf nr:Lineb55.

EXPLICIT

IMPLICT

Jeff i/ "F;aH
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_Example: Why Reasoning =y

Query:
Give me all buses for which Aberdeen Station is

the origin station
dbp:Aberdeen station ex:originOf ?bus.

= dbp:Aberdeen station ex:originOf nr:Lineb55.
= txc:Linel txc:origin dgs:ABD

5 dbp:Aberdeen station owl:sameAs dgs:ABD

X |

|_

s

-

o

=

Jeff i/ "F;aH
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_Example: Why Reasoning =y

Query:
Give me all buses for which Aberdeen Station is

the origin station
dbp:Aberdeen station ex:originOf ?bus.

= dbp:Aberdeen station ex:originOf nr:Lineb55.
= txc:Linel txc:origin dgs:ABD

i dbp:Aberdeen station owl:sameAs dgs:ABD

5 " ex:0originOf owl:inverseOf txc:origin

|_

—

-

o

=

Jeff i/ "F;aH
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_Example: Why Reasoning =y

Query:
Give me all buses for which Aberdeen Station is

the origin station
dbp:Aberdeen station ex:originOf ?bus.

dbp:Aberdeen station ex:originOf nr:Lineb55.
txc:Linel txc:origin dgs:ABD

dbp:Aberdeen station owl:sameAs dgs:ABD
ex:0originOf owl:inverseOf txc:origin

EXPLICIT

dbp:Aberdeen station ex:originOf txc:Linel

IMPLICT

Jeff i/ "F;aH
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Common ontologies on the Web don't use it a lot as of yet...

... but adds interesting functionality, potentially useful for Web ontologies, e.q.
e PropertyChains
- E.g. could be useful to tie sioc:name and foaf:nick via foaf:holdsAccount:

foaf:nick owl:propertyChainAxiom (foaf:holdsAccount sioc:name)

-
~ sioc:avatar

L foaf:Agent >

foaf mbox foaf:holdsAccount foaf:nick
foaf.-made ¥ foafmbox_shaisum

~
. H . . \ -
sioc-email oaf:OnlineAccount _ siocname Litoral J
sioc-creator of (inc. sioc:User) sioc:email_sha?




N

Common ontologies on the Web don't use it a lot as of yet...

... but adds interesting functionality, potentially useful for Web ontologies, e.q.
e hasKey:

- Multi-attribute Keys now possible in OWL, e.g.

foaf:0nlineAccount/sioc:User members are uniquely identified by a
combination of foaf:accountName and

foaf:accountServiceHomepage:

foaf:OnlineAccount owl:hasKey

(foaf:accountName foaf:accountServiceHomepage)

— OWL DL does not allow Datatype Properties to be IFPs

- E.g. foaf:mbox_shalsum

- IFPs could partly be simulated using OWL2’s owl:hasKey, as follows:
owl:Thing owl:hasKey ( foaf:mbox shalsum )

- means that if *two named individuals* have the same mbox_shalsum,
then they are the same.
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= Too expensive to reason with

High complexity: NEXPTIME-complete

The most lightweight sublanguage OWL-Lite is NOT
lightweight

Some ontologies only use some limited expressive power; e.g.
Thte ;SNOMED (Systematised Nomenclature of Medicine)
ontology

= Not expressive enough; e.q.

No user defined datatypes [Pan 2004; Pan and Horrocks
2006; Motik and Horrocks 2008]

No metamodeling support [Pan 2004; Pan, Horrocks,
Schreiber, 2005; Motik 2007]

Limited property support [Horrocks et al., 2006]

Jeﬁﬁ. :#aH /H ’ | \\ \\\ \}\ \\ T
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= QOWL2: A new version of OWL

= Main goals:
1. To define “profiles” of OWL that are:
e smaller, easier to implement and deploy

e cover important application areas and are easily
understandable to non-expert users

2. To add a few extensions to current OWL that are
useful, and is known to be implementable

e many things happened in research since 2004

Jettjz. #afil ]| 11111 1AL AR AN
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'New Expressiveness in OWL 2 .:...c "

= New expressive power
e user defined datatypes, e.q.:

ex:personAge owl:equivalentClass :x

:x rdf:type rdfs:Datatype

:x owl:onDatatype xsd:integer

:x owl:withRestrictions ( :yl :y2)

_:yl xsd:minInclusive "0"""xsd:integer

_:y2 xsd:maxInclusive "150"""xsd:integer
e punning (metamodeling), e.q.:

ex:John rdf:type ex:Father

ex:Father rdf:type ex:SocialRole

Sot 8401 DN
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' New Expressiveness in OWL 2

New expressive power on properties

e qualified cardinality restrictions, e.qg.:
:x rdf:type owl:Restriction

:x owl:onProperty foaf:know

_:x owl:minQualifiedCardinality “2"""xsd:nonNegativelnteger

:x owl:onClass Scottish

e property chain inclusion axioms, e.qg.:
foaf:nick owl:propertyChainAxiom (foaf:holdsAccount sioc:name)

e |ocal reflexivity restrictions, e.g.:

_:xX rdf:type owl:Restriction
_:xX owl:onProperty like o
:x owl:hasSelf "true""“"xsd:boolean [for narcissists]

o reflexive, irreflexive, symmetric, and antisymmetric properties, e.g.:

foaf:know rdf:type owl:ReflexiveProperty

sioc:has parent rdf:type owl:IrreflexiveProperty
e disjoint properties, e.qg.:

sioc:parent of owl:propertyDisjointWith silioc:has parent
e Kkeys, e.qg.:

foaf:0OnlineAccount owl:hasKey
(foaf:accountName foaf:accountServiceHomepage)
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=  Syntactic sugar (make things easier to say)
e Disjoint classes, e.q.:

X rdf:

type owl:AllDisjointClasses

_:x owl:members (boy girl)
e Disjoint unions, e.g.:
child owl:disjointUnionOf (boy girl)

e Negative assertions, e.g.:

|
XXX X

rdf:
owl:
owl:
owl:

type owl:NegativePropertyAssertion
sourcelIndividual John
assertionProperty foaf:know
targetIndividual Mary

Jest 9afl 11 11 VAN
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= R often used for ALC extended with property chain inclusion

axioms

. fzollo%/\iing the notion introduced in RIQ [Horrocks and Sattler,
00

e including transitive property axioms

= Additional letters indicate other extensions, e.g.:
« S for property characteristics (e.g., reflexive and symmetric)
« O for nominals/singleton classes
« | for inverse roles
« Q for qualified number restrictions

= property characteristics (S) + R + nominals (O) + inverse (l)
+ qualified number restrictions(Q) =

= SROIQ [Horrocks et al., 2006] is the basis for OWL 2 DL

ot 0 I
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'OWL 2 Profiles and Reasoning Services ]

= Rationale:
e Tractable
e Tailored to specific reasoning services

= Popular reasoning services
e TBox reasoning: OWL 2 EL

e Query answering: OWL 2 QL

= Specification:

Jest 9afl 11 11 VAN
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OWL 2 Eull Undecidable
T 2NExpTime-
OWL 2 DL Complete
NExpTime-
OWL 1 DL Complete
SHOIN
AN PTime-
OWL 2 RL OWL 2 EL Complete
EL++
|OWL 2 QL | In ACO

DL-Lite

Sorfg.waHl 111NV
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A (near maximal) fragment of OWL 2 such that

Satisfiability checking is in PTime (PTime-Complete)
Data complexity of query answering also PTime-
Complete

Based on EL family of description logics [Baader et al.

2005]

Can exploit saturation based reasoning techniques
Computes complete classification in “one pass”
Computationally optimal (PTime for EL)

g(a)ggb]e extended to Horn fragment of OWL DL [Kazakov
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~_ Saturation-based Technique (basics

= Normalise ontology axioms to standard form:

ACB AnBCC ACdR.B dRBCC
= Saturate using inference rules:

ACB BLCC ACB ACC Bnccb
ACC ACD

ACJR.B BCC JRCCD

= Ext AC D
rules _

Jeﬁi/. ‘ﬁaH ‘M ?
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- Saturation-based Technique (basics

L INGYe .

Example:

ex:Performer = foaf:Person 1 dmo:porform_in.mo:Performance

mo:MusicArtist = foaf:Person r dmo:porform_in. ex:MusicPerformance
ex:MusicPerformance © mo:Performance

ex:Performer C foaf:Person

ex:Performer c dmo:porform_in.mo:Performance
dmo:porform_in.mo:Performance c PP
foaf.:Person 1 PP C ex:Performer

mo:MusicArtist C foaf:Person

mo:MusicArtist C dmo:porform_in.ex:MusicPerformance
dmo:porform_in.ex:MusicPerformance c PMP
foaf.:Person 1 PMP c mo:MusicArtist

ex:MusicPerformance c— mo:Performance

Jeff i/ ‘#aH
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Example:

ex:Performer c foaf:Person AC3JR.B BLC 3JRCCD

ex:Performer c dmo:porform_in.mo:Performance ACD

dmo:porform_in.mo:Performance c PP
foaf:Person 1 PP C ex:Performer

mo:MusicArtist C foaf:Person

mo:MusicArtist — dmo:porform_in.ex:MusicPerformance
dmo:porform_in.ex:MusicPerformance c PMP
foaf:Person m PMP = mo:MusicArtist

mo:MusicArtist c PP

ex:MusicPerformance c mo:Performance

Jeff i/ ‘#aH
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Example:
ACB ACC BnccbD
ex:Performer C foaf:Person AC D
ex:Performer c dmo:porform_in.mo:Performance a

dmo:porform_in.mo:Performance c PP

foaf:Person n PP c ex:Performer mo:MusicArtist - PP

mo:MusicArtist — ex:Performer
mo:MusicArtist — foaf:Person =

mo:MusicArtist c dmo:porform_in.ex:MusicPerformance
dmo:porform_in.ex:MusicPerformance c PMP
foaf:Person n PMP c mo:MusicArtist

ex:MusicPerformance — mo:Performance

Jeff i/ ‘#aH
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A (near maximal) fragment of OWL 2 such that
e Data complexity of conjunctive query answering in AC°

Based on DL-Lite family of description logics [Calvanese et
al. 2005; 2006; 2008]

Can exploit query rewriting based reasoning technique

e Computationally optimal
e Data storage and query evaluation can be delegated to
standard RDBMS

e Novel technique to prevent exponential blowup produced by
rewritings [Kontchakov et al. 2010, Rosati and Almatelli 2010]

e Can be extended to more expressive languages (beyond AC?) by
dFIez%%tgi?g query answering to a Datalog engine [Perez-Urbina et
al.
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= Given ontology O and query Q, use O to rewrite Q
as Q%s.t., for any set of ground facts A:
e ans(Q, O, A) = ans(Q° ;, A)

= Use (GAV) mapping M to map Q° to SQL query

O M

l l N
0

Q — Rewrite S > Map x A > Ans
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Given ontology O and query Q, use O to rewrite Q
as Q%s.t., for any set of ground facts A:
e ans(Q, O, A) = ans(Q° ;, A)

Use (GAV) mapping M to map Q° to SQL query

Resolution based query rewriting
e Clausify ontology axioms

e Saturate (clausified) ontology and query using
resolution

e Prune redundant query clauses

Jeﬁﬁ. IF%aH M ’ | \\ \\\ \}\ A
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= Example:

ex:Performer c dmo:porform_in.mo:Performance

mo:MusicArtist c ex:Performer

mo:porform_in(x,f(x)) < ex:Performer(x)
mo:Performance(f(x)) « ex:Performer(x) Q(X) « mo:porform_in(x,y)~ mo:Performance(y)
ex:Performer(x) « ex:MusicArtist (x)

et R0 1 YA
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Query Rewriting Technique (basics)

= Example:

mo:porform_in(x,f(x)) < ex:Performer(x)
mo:Performance(fix)) < ex:Performer(x)
ex:Performer(x) « ex:MusicArtist (x)

Q(x) < mo:porform_in(x,y) A mo:Performance(y)
Q(x) « ex:Performer (x) ~ mo:Performance(f(x))
Q(x) < mo:porform_in(x, fix)) A ex:Performer(x)

Jestlz. anll 1|1V RIARA AR
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= Example:

mo:porform_in(x,f(x)) < ex:Performer(x)
mo:Performance(f(x)) «<— ex:Performer(x)
ex:Performer(x) < ex:MusicArtist (x)

Q(X) «<— mo:porform_in(x,y) ~ mo:Performance(y)
Q(x) < ex:Performer (x) ~ mo:Performance(f(x))
Q(X) <« mo:porform_in(x, f(x)) ~ ex:Performer(x)

Q(x) < ex:Performer(x)

Q(x) < ex:MusicArtist (x)

et R0 1 YA
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= Example:

mo:porform_in(x,f(x)) < ex:Performer(x)
mo:Performance(f(x)) < ex:Performer(x)
ex:Performer(x) <« ex:MusicArtist (x)

Q(x) <« mo:porform_in(x,y) ~ mo:Performance(y)
Q(x) « ex:Performer(x)
Q(x) « ex:MusicArtist (x)

= For OWL2 QL, result is a union of conjunctive queries

Q(X) < (mo:porform_in(x,y) ~ mo:Performance(y)) v ex:Performer(x) v ex:MusicArtist (x)

Jeffz/."#a” M?
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= Data can be stored/left in

= Relationship between ontology and DB defined by
, €.g.:

ex:Performer «» SELECT NAME FROM PERFORMER

ex:MusicArtist «» SELECT NAME FROM MUSICARTIST
mo:porform_in «» SELECT PINAME AND P2NAME FROM PERFORM
ex:Performance «» SELECT PNAME FROM PERFORMANCE

= UCQ translated into

Q(X) « (mo:porform_in(x,y) ~ mo:Performance(y)) v ex:Performer(x) v ex:MusicArtist (x)
$
SELECT NAME FROM PERFORMER UNION
SELECT NAME FROM MUSICARTIST UNION
SELECT PNAME FROM PERFORM, PERFORMANCE WHERE P2NAME=PNAME

Jeffiz.Ban ||| |
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