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Unit 1 — Overview
1. Organisation
2. Motivation — Aggregating Linked Open Data by Rules & Ontologies
3. How can | publish data? RDF
4. How can | query that data? SPARQL

5. What does that data mean? Ontologies described in RDFS + OWL

6. What's next?
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Unit 1 — Overview 1. Organisation

m Lecture: 5 Blocks & 3 hours. Possible slots (green preferred):
e 12/01/2009, 9:00-12:00 Vortmann HS
e 13/01/2009, 9:00-12:00 or 13:00-16:00
Sem. Room 184/3
e 15/01/2009, 9:00-12:00 Zemanek HS
e 16/01/2009 — 9:00-12:00 or 13:00-16:00 Sem. Room 184/2(!)
e 22/01/2009 — 16:00-19:00 Sem. Room 184/3
m Small assignments for the first three blocks, collected solutions to be
submitted per e-mail to axel.polleres@deri.org

m Question & Answers and discussion of assignments: 21/01,/2009,
15:00 - 18:00

m Written exam: 23/01/2009, 15:00 — 17:00
(assignment/exam count50:50).
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Some basic knowledge about first-order logics.

Some basic knowledge about databases (SQL).

Some basic knowledge about HTML.

Some basic knowledge about XML would be nice.

Who knows RDF, OWL, SPARQL already?

Who knows Description Logics?

Who knows Logic Programming(Datalog, Prolog, Answer Set Programming?
Who knows XQuery, RIF, FOAF, SIOC?

Ideally: Who attended 188.399 VU “Einfiihrung in Semantic Web”
a similar lecture already?
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Unit Outline

2. Motivation — Aggregating Linked Open Data by Rules & Ontologies
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Finding reviewers for a scientific Journal

Tim Berners-Lee, Dan Connolly, Lalana Kagal, Yosi Scharf, Jim
Hendler: N3Logic: A logical framework for the World Wide Web.
Theory and Practice of Logic Programming (TPLP), Volume 8, p249-269.

Assume you are the editor of a scientific journal:

m Who are the right reviewers?
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Tim Berners-Lee, Dan Connolly, Lalana Kagal, Yosi Scharf, Jim
Hendler: N3Logic: A logical framework for the World Wide Web.
Theory and Practice of Logic Programming (TPLP), Volume 8, p249-269.
Assume you are the editor of a scientific journal:

m Who are the right reviewers?

m Which qualified people do | know?
m How can | assess their expertise?
m Which reviewers are in conflict?

m Observation: Much of the necessary data is available on the Web!
Questions:
m Where do | get the right data?

m What is the format & structure (schema) of this data?
m Which rules and query languages do | use to aggregate this data?

m Which systems are out there to support me?
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Unit 1 — Overview 2. Intro 2.1 Where is the data?

Where is the data? 1/4
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Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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RDF)
m More and more of it follows the Linked Data principles!, i.e.:

Use URIs as names for things
Use HTTP dereferenceable URIs so that people can look up those names.
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m More and more of it follows the Linked Data principles!, i.e.:
Use URIs as names for things
Use HTTP dereferenceable URIs so that people can look up those names.
When someone looks up a URI, provide useful information.
Include links to other URIs so that they can discover more things.

1 .
Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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Obtaining Machine-Readable RDF data
(i) directly by the publishers, (ii) by GRDDL transformations, or (iii) by 3rd-party wrappers:
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Obtaining Machine-Readable RDF data

(i) directly by the publishers, (ii) by GRDDL transformations, or (iii) by 3rd-party wrappers:
FOAF/RDF linked from a home page: personal data (foaf :name, foaf:phone, etc.),
relationships foaf :knows, rdfs:seeAlso )

Giovambattista lanni's Home Page 000 Source of: Lit/iannfoaf =)
<[> 53|+ e g matunical t/~ianni/ ~(@- Google 0| | <cassnor

G.B. lanni Dipartimento di Matematica, Cubo 308,
\ yo Universita’ della Cala':'fl;. 87036 Rende (CS),

SoakiprinaryTopic. rafinodet-"ne"/>

* E-mailianni_AT_matunicalt "htp:/ /. 1dodd cat/ o
Assistant Professor at the Di i M , Facolta di :
& B - =

Universita!

“lo sono inizio e la fine di me stesso”

£/ /s gibbs .con/L GB2. 3pg" /
et sesoureacCiel 38-08R4-432430 7

2
ES
RET

ig

&

c

Publications
Have a look at my N
b alook oty ” clckere e v mat uniead & damnd
= + Extemallink o DBLP SEShxel Folleres</toat ane>
Ty
Biographical Sketch https/ /e, pol L t/foat . xat",
My FOAF m@ - — age shaows>
Teaching Actvites statstics o raiaheicqang raber</fontinane>
e b
My Wikipedia « Operating Systerns - Corso di Y "hetps /e zar i
Account

Sistemi Operativi s | | > . =
« Computer Networks - Corso di ﬂ v —

Different Options:
RDFa [Adida et al., 2008][Hausenblas et al., 2008],

linking RDF /XML [Beckett and McBride (eds.), 2004] from (X)HTML, etc. Let's check,
e.g.http://wuw.w3.org/People/Berners-Lee/, or http://www.cs.rpi.edu/ hendler/
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Obtaining Machine-Readable RDF data
(i) directly by the publishers, (ii) by GRDDL transformations, or (iii) by 3rd-party wrappers:

GRDDL (Gleaning Resource Descriptions from Dialects of Languages.) [Connolly (ed.), 2007]
Simple principle:

m extract RDF directly from HTML or XML files

m typically using XSLT transformations (other languages: XQuery, XSPARQL, etc.)

m useful for common Microformats &, e.g. hCard, hCal:

€ http: / ferww w3,0rg/ 2001 /sw/ grddi-wg/td /card.htm|

ig

Data /ccos<Technologies
Whee s M Technaligy

Cory B. Casanave

President & CEQ
8605 Westwood Center Phone: +1-123-456-7890
Drive Mobile: +1-111-355-
Suite 505 7890
Vienna, VA, 22182 Fax: +1-111-111-1234
UsA cory@example

This is an hCard; the data come from a business card that Cory
gave to Dan Connolly at ISWC; the email address and phone
numbers have been scrubbed, but the other data is published in a
company info page so we figure it's OK 10 use it here. L;
/
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Cory B, Cg <htsl xal
President

m profile http://www.w3.org/2001/sw/
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Suite 505
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USA

Lven-nane">Cory</span
4ditional-name’>B.
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O http: /v w3.0rg/ 2001 fsw/ grddl-wg /td /card. htm|

- [GoreFin TaF: <nTEp/ 7w W org raFSyntaneEs
. reFin ve: <http:/ w300/ 200 vcard/nsts -
Data /\ccessTechnologies @p v ’

1 0 ve:itard;

[ a ot
Cory B. Cg et “Doko Access -1
President veifn "Cory B. [nsnna\/e H
</head: wvezn [ a ve:Nam fl h // 3 /2001/ /
ve Q‘VE"'""’"E [ ] rofile http://www.w3.or, SW,
86035 Westwood Center veiranymone “Cosaoue P o /Pd/h d &
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Drive ve:title "President & CEO' gr wg/t card ...
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USA 8% Mestwood Center Drive”s http://www.w3.org/2006/vcard/
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This is an hCard; the data come “22182";
e i Comnlly WG, h s s 1520 "?"s"easgs%g% ] which — executed on the original
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Obtaining Machine-Readable RDF data
(i) directly by the publishers, (ii) by GRDDL transformations, or (iii) by 3rd-party wrappers:

L3S’ RDF export of the DBLP citation index, see http://dblp.13s.de/d2r/
000 s st st s s s

Thomas Eiter ()
e U it 5 G et o i

([ e 5] (4] o v tormtican-ieds -ty i
<l

Home | Exampte Authors

s e creaor of < /obip 3, el esourcelpuoloatns books miSubrahmaran2000-

Listof publications rom the DBLP Bibliography Serves - FAQ
Is Gecreator of <t cbip 3, deid2resourcelpuolioatons/coni/asaBarIEZ0S>
i others: ACM DL N-Y: Is Gecreator of - <nip/cbip 3, dele2resourceipuolons/coni/asal/BIewKaEOT>
f—— ———— = (2 Gcorotor
Home Page N - e o <1ipcbp.3s. dec2rrsourcepudlcationscon/asalEQETWOD>
P cccreator of - <ntpcbp 3 deid2rrosourooipuoloatonsiconf/asa/ENerFS 08>

— 2008
I e . ety g deenosllorsomsaEioon
. e o € '« cooraaor ot curcopicatonsiconss
q»e..yswsw‘eamnm.mmmnmmmu ithout Inveres, AAAT e T,
Ao is o roator of <ol ca2escuroolpuicatonsicon!SalOniZCES>

P [ M T B i Ao s o
LAALL2R: is o roator of <o clp.3.cu2rescuroopuicationsiconlGBENGHLUPST>
E [Magdalens Oriz, Manas Simkus, Thomas Eiter: Conjunctive Query Answering in Ie dccroatorof <l cip1s.dole2rosourcolpudlations/conl/agh/ENGrLSOE>
st um-g Knots. Y is o rotor of <ol ca2rescurcolpulcationsiconl GRG0 Y
FVE er Michacl Fink, Gialui Geeeo, Domenico Lenb Repae i s do-oreator of  <htipidbip.13s deld2resource/publications/con' aips BaralE o> H
.
| 4 Ik SAEIY
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© 0O Thomas etr | D28 Server publshing the... Database, hosted at L35 Research Center
Gl (e @& =] i@
‘Thomas Eiter ()
Fesource URI: Hipdbl 5 dosc2rescurcslaubars Thomas Efer

Home | Example Authars

Listof publications rom the DBLP Bibliography Server - FAQ s e creaor of < /obip 3, el esourcelpuoloatns books miSubrahmaran2000-
Is Gecreator of <t cbip 3, deid2resourcelpuolioatons/coni/asaBarIEZ0S>
<1 aip 13, celd2esourcelpudlaions/conaalBenka0?--

B
:
F
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H

Ask others: ACM DL/ Seer - CSB

Home Page -

— 2008
I S Tomas o s cooroator of <o/l coirescurolpubitonsiconGSaVEiarO2>
Qw‘:/szn‘«s;rewnngmrmlixmsmznmnmL«gmw{mwllnvvaAAl e LR etivos b
Ao is o roator of <ol ca2escuroolpuicatonsicon!SalOniZCES>

e
’mmm oo st Ny T
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euiatc Approach. AAAI 200 is o roator of <o clp.3.cu2rescuroopuicationsiconlGBENGHLUPST>
E [Magdalens Oriz, Manas Simkus, Thomas Eiter: Conjunctive Query Answering in Ie dccroatorof <l cip1s.dole2rosourcolpudlations/conl/agh/ENGrLSOE>

[SH using Knots. is o rotor of <ol ca2rescurcolpulcationsiconl GRG0 Y

e ceorsator of - <hligicbip.. doé2rosaurcolpubliaions/coni(ape BarIEDA H
C SAEICY]

Fva omas Eiter, Michael ik, Gianlui Greeo, Domenico Lember Repalr
.
|

Lrne

m Gives unique URIs to authors, documents, etc. on DBLP! E.g.,
http://dblp.13s.de/d2r/resource/authors/Thomas_Eiter,
http://dblp.13s.de/d2r/resource/authors/Tim_Berners-Lee,
http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8, etC.

m Provides RDF version of all DBLP data + query interface!

m Other nice example: RDF+query interface for large parts of wikipedia:
http://dbpedia.org/
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SPARQL — W3C approved standardized query language for RDF:
m look-and-feel of “SQL for the Web"
m allows to ask queries like
m “All documents created by Thomas Eiter’

m “Names of all persons who co-authored with authors of the present paper

m ""Names of persons who know Tim Berners-Lee or who are known by Tim
Berners-Le€’

m "All people who have published in TPLP but have not co-authored with any of
the authors of the present paper’

Example (queryl.sparql):
SELECT 7D

FROM <http://dblp.13s.de/d2r/data/authors/Thomas_Eiter>
WHERE {7D dc:creator <http://dblp.13s.de/d2r/resource/authors/Thomas_Eiter>}
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What does the data mean?

Data, i.e. the used vocabulary to write down RDF is described by
ontologies,themselves published in RDF, e.g.:

m Friend-of-a-Friend (FOAF) [Brickley and Miller, 2007]
m Socially-Interlinked-Online-Communities (SIOC) [Bojars et al., 2007]
m Dublin Core [Nilsson et al., 2008]

' Ll
FOAF Vocabulary Specification 0.91 0 AT et )

Namespace Document 2 November 2007 - OpeniD SIOC Core Ontology Specification
Edition 3.510C overview ]
FOAF at a glance s ovtelanguags
An a2 indox of FOAF tems, by class (categories or types) and by & Wmm‘wmm n sn'é’m.:"“'""sm
property. prosiiny
Croate 8 uniied daabase of mfomaton.
Clmlmlwlmlﬂlwl Nl
OnlineChatAccount OnlineEcommerceAccount oa_sasster
OnlineGamingAccount Organizatior 1 Persor I =
jm"mmmmgmlml seaten " |U5°’9’°“"| Post Item |
— l o— I
s
| User Forum Container
o | o \BM -
[ Role [ ste | space| l
awcassol
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Unit Outline

3. How can | publish data? RDF
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Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
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Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
m "simplest possible database schema”, data just a set of triples:
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Unit 1 — Overview 3. How can | publish data? RDF

Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
m "simplest possible database schema”, data just a set of triples:

axel isA Person .
axel hasName “Axel Polleres”.
axel knows gb .
axel knows thomas.
thomas hasCreated an Article
titled “Rules and Ontologies for the Semantic Web".
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Unit 1 — Overview 3. How can | publish data? RDF

Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
m "simplest possible database schema”, data just a set of triples:

axel isA Person .
axel hasName “Axel Polleres”.
axel knows gb .
axel knows thomas.
JX thomas hasCreated X . X isA Article .
X hasTitle “Rules and Ontologies for the Semantic Web".
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Unit 1 — Overview 3. How can | publish data? RDF

Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
m "simplest possible database schema”, data just a set of triples:
axel isA Person .
axel hasName “Axel Polleres”.
axel knows gb .
axel knows thomas.

3X thomas hasCreated X . X isA Article .
X hasTitle “Rules and Ontologies for the Semantic Web".

m abstracts away from tables (RDBMS) or tree-like (XML) schemas
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Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.

m "simplest possible database schema”, data just a set of triples:
axel isA Person .
axel hasName “Axel Polleres”.
axel knows gb .
axel knows thomas.
3X thomas hasCreated X . X isA Article .
X hasTitle “Rules and Ontologies for the Semantic Web".

m abstracts away from tables (RDBMS) or tree-like (XML) schemas

m triples can be viewed as edges of a labeled,directed graph.
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Unit 1 — Overview 3. How can | publish data? RDF

Semantic Web Data: The Resource Description Framework (RDF)

m RDF is describing resources per triples/statements
Subject Predicate Object.
m "simplest possible database schema”, data just a set of triples:

axel isA Person .
axel hasName “Axel Polleres”.
axel knows gb .
axel knows thomas.
3X thomas hasCreated X . X isA Article .
X hasTitle “Rules and Ontologies for the Semantic Web".

m abstracts away from tables (RDBMS) or tree-like (XML) schemas
m triples can be viewed as edges of a labeled,directed graph.

m main advantage: Graphs are easy to merge! (Trees, Tables aren't)
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axel isA Person .
axel knows gb .

axel knows thomasE.
thomasE hasCreated X . X isA Arti-
cle .

X hasTitle “Rules and Ontologies. . .’

gb isA Person .

gb knows axel .

gb knows thomasK.

gb hasCreated Y . Y isA Article .

knows isA knows
knows ¢ asCreated
TP <>
knows
hasCreated —>© hasTitle
hasTitle

"Rules and Ontologies..." "Rules and Ontologies..."

Observe: the “existential variables” became “blank” nodes in the Graph.
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axel isA Person .
axel knows gb .

axel knows thomasE.
thomasE hasCreated X . X isA Arti- gb hasCreated Y . Y isA Article .

cle . o w . "
X hasTitle “Rules and Ontologies. . " Y hasTitle “Rules and Ontologies. . .".

gb isA Person .
gb knows axel .
gb knows thomasK.

knows
isA knows,
knows ¢ hasCreated
knows
hasCreated —»
reate Q hasTitle
hasTitle

"Rules and Ontologies..."

Observe: the “existential variables” became “blank” nodes in the Graph.
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axel isA Person .
axel knows gb .

axel knows thomasE.
thomasE hasCreated X . X isA Arti- gb hasCreated Y . ¥ isA Article .

cle . o w . "
X hasTitle “Rules and Ontologies. . " Y hasTitle “"Rules and Ontologies. ..".

gb isA Person .
gb knows axel .
gb knows thomasK.

knows

knows
knows hasCreated i

knows

hasCreated —»
astreate O hasT!Ie

hasTitle

"Rules and Ontologies..."

Observe: the “existential variables” became “blank” nodes in the Graph. Note that we have no
reason to assume that the two blank nodes are the same.
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There are different syntaxes for RDF
m RDF/XML [Beckett and McBride (eds.), 2004]

m Turtle [Beckett and Berners-Lee, 2008], N3 [Berners-Lee and Connolly,
2008]

m RDFa [Adida et al., 2008] (i.e., RDF “embedded” in (X)HTML)
We'll use Turtle syntax in this lecture:

m it is a subset of Notation 3 [Berners-Lee and Connolly, 2008]

m sufficient to write all RDF

m almost human-readable

m also the basis for SPARQL

m tools and APlIs to convert from one syntax into the other, such as rapper
(part of the Redland API, cf. http://1librdf.org/), €.g.

rapper http://polleres.net/teaching/SemWebTech_2009/testdata/foaf.ttl -i turtle -o rdfxml

A. Polleres VU 184.268


http://librdf.org/

Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Resources in RDF, Turtle Syntax

m Resources are identified by URIs (to encourage web-wide unique identifiers)
m There are special URIs, defined in vocabularies (FOAF, SIOC, RDF, etc. )

m Objects can be literals,

axel isA Person .
axel hasName “Axel Polleres”.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Resources in RDF, Turtle Syntax

m Resources are identified by URIs (to encourage web-wide unique identifiers)
m There are special URIs, defined in vocabularies (FOAF, SIOC, RDF, etc. )

m Objects can be literals,

axel isA Person .
axel hasName “Axel Polleres”.

becomes:

<http://polleres.net/foaf.rdf#me> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>
<http://xmlns.com/foaf/0.1/Person>.
<http://polleres.net/foaf.rdf#me> <http://xmlns.com/foaf/0.1/name>
““Axel Polleres’.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Resources in RDF, Turtle Syntax

m Resources are identified by URIs (to encourage web-wide unique identifiers)
m There are special URIs, defined in vocabularies (FOAF, SIOC, RDF, etc. )

m Objects can be literals, occasionally with a datatype

axel isA Person .
axel hasName “Axel Polleres”.

becomes:

<http://polleres.net/foaf.rdf#me> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>
<http://xmlns.com/foaf/0.1/Person>.
<http://polleres.net/foaf.rdf#me> <http://xmlns.com/foaf/0.1/name>
““Axel Polleres’’V<http://www.u3.org/2001/XMLSchema#string>.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Resources in RDF, Turtle Syntax

m Resources are identified by URIs (to encourage web-wide unique identifiers)
m There are special URIs, defined in vocabularies (FOAF, SIOC, RDF, etc. )

m Objects can be literals, occasionally with a datatype

axel isA Person .
axel hasName “Axel Polleres”.

becomes:

<http://polleres.net/foaf.rdf#me> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>
<http://xmlns.com/foaf/0.1/Person>.
<http://polleres.net/foaf.rdf#me> <http://xmlns.com/foaf/0.1/name>
““Axel Polleres’’V<http://www.u3.org/2001/XMLSchema#string>.

Ugly to read. .. more compact syntaxes like Turtle [Beckett and Berners-Lee, 2008] allow prefix
definitions & la XML:

Gprefix : <http://polleres.net/foaf.rdf#> .

Gprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .

Oprefix xs: <http://www.w3.org/2001/XMLSchema#> .

:me rdf:type foaf:Person .

:me foaf:name ‘‘Axel Polleres”/\/\xs:string.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>

Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .

@prefix dc: <http://purl.org/dc/elements/1.1/> .

:me rdf:type foaf:Person .

:me foaf:name ‘‘Axel Polleres’ .

:me foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> .
:me foaf:knows <http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator X .
X rdf:type foaf:Document .

X dc:title ‘“Rules and Ontologies for the Semantic Web’’.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>

Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .

@prefix dc: <http://purl.org/dc/elements/1.1/> .

:me rdf:type foaf:Person .

:me foaf:name ‘‘Axel Polleres’ .

:me foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> .
:me foaf:knows <http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator _:X .
_:X rdf:type foaf:Document .

_:X dc:title ‘Rules and Ontologies for the Semantic Web’’.

m Blank nodes in Turtle are written as _: Varname
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me rdf:type foaf:Person ;
foaf:name ‘‘Axel Polleres’’ ;
foaf :knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator _:X .
_:X rdf:type foaf:Document ;
dc:title ‘‘Rules and Ontologies for the Semantic Web’’ .

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';" , ',
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me rdf:type foaf:Person;
foaf:name ‘‘Axel Polleres’’;
foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator [
rdf:type foaf:Document ;
dc:title ‘“Rules and Ontologies for the Semantic Web’’ ]

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';' |, ',
® Blank nodes can be grouped/replaced using “bracket syntax” '[’, ']’
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me a foaf:Person;
foaf:name ‘‘Axel Polleres’’;
foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator [
a foaf:Document ;
dc:title ‘“Rules and Ontologies for the Semantic Web’’ ]

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';' |, ',
® Blank nodes can be grouped/replaced using “bracket syntax” '[’, ']’
® rdf:type is often abbreviated with a.
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me foaf:Person;
foaf:name ‘“Axel Polleres’“\xs: string;
foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator [
a foaf:Document ;
dc:title ‘“Rules and Ontologies for the Semantic Web’’ ]

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';' |, ',
Blank nodes can be grouped/replaced using “bracket syntax” '[’, ']’
rdf:type is often abbreviated with a.
typed literals [ of type dt are written as ["V\dt.

A. Polleres



Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me foaf:Person;
foaf:name ‘“Axel Polleres\xs: string;
foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator [
a foaf:Document ;
dc:title ‘“Rules and Ontologies for the Semantic Web’’Gen ]

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';' |, ',
Blank nodes can be grouped/replaced using “bracket syntax” '[’, ']’
rdf:type is often abbreviated with a.
typed literals [ of type dt are written as I"\dt.
untyped literals can have a language tag [BCP-47, 2006].
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

More on RDF — Shortcuts in Turtle Syntax

Gprefix : <http://polleres.net/foaf.rdf#>
Oprefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix dc: <http://purl.org/dc/elements/1.1/> .
:me foaf:Person;
foaf:name ‘“Axel Polleres\xs: string;
foaf:knows <http://dblp.13s.de/d2r/data/authors/Giovambattista_Ianni> ,
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.13s.de/d2r/page/authors/Thomas_Eiter> dc:creator [
a foaf:Document ;
dc:title ‘“Rules and Ontologies for the Semantic Web’’@en ]

m Blank nodes in Turtle are written as _: Varname

m Turtle allows shortcuts:

® Same subject triples can be grouped together with ';' |, ',
Blank nodes can be grouped/replaced using “bracket syntax” '[’, ']’
rdf:type is often abbreviated with a.
typed literals [ of type dt are written as I"\dt.
untyped literals can have a language tag [BCP-47, 2006].
(untyped literals without a language tag are also called “plain” literals.)
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Collecting RDF from the Web

m For us this is enough so far to “read” RDF on the Web.

Zhttp://1ibrdf. org/
Shttp: //jena.sourceforge.net/
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Collecting RDF from the Web

m For us this is enough so far to “read” RDF on the Web.

m For published RDF data there exists a machine-readable XML syntax. Lots of tools and
APIs to read/process/convert this data (Redland (C++),2 Jena (Java),3 etc.)

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
<http://www.mat.unical.it/~ianni/foaf.rdf> a foaf:PersonalProfileDocument.
<http://www.mat.unical.it/~ianni/foaf.rdf> foaf :maker _:me .
<http://www.mat.unical.it/~ianni/foaf.rdf> foaf:primaryTopic _:me .
:me a foaf:Person .
:me foaf:name "Giovambattista Ianni" .

_:me foaf:homepage <http://www.gibbi.com> .
:me foaf:phone <tel:+39-0984-496430> .
:me foaf:knows [ a foaf:Person ;

foaf:name "Wolfgang Faber" ;

rdfs:seeAlso <http://www.kr.tuwien.ac.at/staff/faber/foaf.rdf>].
:me foaf:knows [ a foaf:Person .

foaf:name "Axel Polleres" ;

rdfs:seeAlso <http://www.polleres.net/foaf.rdf> ].
:me foaf:knows [ a foaf:Person .

foaf :name "Thomas Eiter" ]
foaf:knows [ a foaf:Person .
foaf:name "Alessandra Martello" ]

Bl

®

2h1:1:p ://librdf.org/
3h1:1:p ://jena.sourceforge.net/
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Unit 1 — Overview 3. How can | publish data? RDF 3.1 A Syntax for RDF: Turtle

Collecting RDF from the Web

m For us this is enough so far to “read” RDF on the Web.

m For published RDF data there exists a machine-readable XML syntax. Lots of tools and
APIs to read/process/convert this data (Redland (C++),2 Jena (Java),3 etc.)
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .

GiotambetisalEnniaHomeaPaas 000 T 1 foafurdf =)
ED () (3] [ werreo fwwematanicat/-ami/ (@& coogie 3
G.8. lanni Dipartimento di Matematca, Cubo 308, | |
. Universita! el Calabria, 87036 Rende (CS),
\ 49 P
Topic rafinedelonne" />
Phone: +30 0984 49 6430 Fax: 39 0984 49 6410 torasent
ol e oo o o Ldodd : e
Assistant Professor ipari i Matematica, Facolta' di ’
e e o

rdf:nodo1n- na">
<oat iname>Giovanbattista Lanni</foaf:nane>

“lo sono inizio e la fine di me stesso”

Stoat Sandly smmTami</foat saaily names
ibbi.con"/>

iction
roo- hetp: /ey oibbi.con/L G2 Jpg
S T AT

My Erdds
nu‘mbor is3

Have a look at my Publications kplacel o // s o
e e =Eor"htipe} /. mat .unical. 1t/anni />
« Extemallnk to DBLP. et Poiaras/foat inamo>
numbers) <x-dtn-uum o
Sketch "hetp:/ /s 11 t/foaf. rdf"
uy FoaF ca{ & ) s St
Teaching Activities statistics pros §.$..>mgm, Paber</€oat inane>
Chateimeanin o
Wikij * Operating Systems - Corso di M 3/ . rdf" &
WA@_&" Sistemi Operativi — HEE S —
+ Computoramwors-Cosoci [ ©

foaf:name "Alessandra Martello" |

2h1:1:p ://librdf.org/
3h1:1:p ://jena.sourceforge.net/
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Unit Outline

4. How can | query that data? SPARQL
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Unit 1 — Overview

4. How can | query data? SPARQL

How can | query/aggregate RDF data? SPARQL

m First “ingredient”: a standardized query language — SPARQL [Prud’hommeaux
and Seaborne, 2007] — based on graph pattern matching

Prologue:
Head:

Body:

A. Polleres

[P PREFIX prefix: <namespace-URI>
Cor | CONSTRUCT { template }
S or SELECT variable list
A ASK
D FROM /FROM NAMED <dataset-URI>
w WHERE { pattern }
M ORDER BY expression

LIMIT integer > 0

OFFSET integer > 0
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How can | query/aggregate RDF data? SPARQL

m First “ingredient”: a standardized query language — SPARQL [Prud’hommeaux
and Seaborne, 2007] — based on graph pattern matching

Prologue: [ P PREFIX prefix: <namespace-URI>

Head: Cor | CONSTRUCT { template }

S or SELECT variable list

ASK

FROM /FROM NAMED <dataset-URI>
WHERE { pattern }

ORDER BY expression

LIMIT integer > 0

OFFSET integer > 0

Body:

z2s9|>

...construct a new RDF graph
...select matching resources/literals in a graph
...boolean query

m Let us start with SELECT queries and focus on the different patterns:

® basic graph patterns (Conjunctive queries)
® FILTERs
® UNIONs of patterns
® QOPTIONAL Patterns
® GRAPH Patterns
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Basic Graph Patterns (Conjunctive queries)

“select all names of persons known by G.B. from his FOAF file”

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
FROM <http://www.mat.unical.it/~ianni/foaf.rdf>

WHERE {
<http://www.mat.unical.it/"ianni/foaf.rdf#me> foaf:knows ?7X .

?X a foaf:Person . 7X foaf:name 7N .

}

m graph patterns (WHERE part) allow Turtle syntax

4We assume here that the only people declared “known” in G.B.'s FOAF file are those known by him.
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Basic Graph Patterns (Conjunctive queries)

”

“select all names of persons known by G.B. from his FOAF file

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT 7N

FROM <http://www.mat.unical.it/~ianni/foaf.rdf>
WHERE {

[ foaf:knows
[ a foaf:Person; foaf:name ?N ]]

}

m graph patterns (WHERE part) allow Turtle syntax
m all Turtle shortcuts allowed*

4We assume here that the only people declared “known” in G.B.'s FOAF file are those known by him.
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Basic Graph Patterns (Conjunctive queries)

“select all names of persons known by G.B., Axel, and Thomas K. from
their FOAF files”

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
FROM <http://www.mat.unical.it/"ianni/foaf.rdf>
FROM <http://www.polleres.net/foaf.rdf>
FROM <http://www.postsubmeta.net/foaf>
WHERE {
[ foaf:knows
[ a foaf:Person; foaf:name 7N ]]

}

m graph patterns (WHERE part) allow Turtle syntax
m all Turtle shortcuts allowed*
m merge of several graphs can be queried at once

4We assume here that the only people declared “known” in G.B.'s FOAF file are those known by him.
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Basic Graph Patterns (Conjunctive queries)

“select all names of persons known by G.B., Axel, and Thomas K. from
their FOAF files”

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
WHERE {
[ foaf:knows
[ a foaf:Person; foaf:name 7N ]

}

m graph patterns (WHERE part) allow Turtle syntax
m all Turtle shortcuts allowed*
m merge of several graphs can be queried at once

m Tryit! E.g. using ARQ (http://jena.sourceforge.net/ARQ/)
arq -query
http://www.polleres.net/teaching/SemWebTech_2009/testdata/query2.sparql

4We assume here that the only people declared “known” in G.B.'s FOAF file are those known by him.
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FILTERs in Basic Graph Patterns

“select all names of persons known by GB, Thomas, and Axel from their
FOAEF files” (query3. sparql)

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
WHERE {
[ foaf:knows
[a foaf:Person ; foaf:name ?N] ]

}

m graph patterns (WHERE part) allow Turtle syntax
m all Turtle shortcuts allowed

m Dataset can also be implicit, depending on the implementation. ..
so, let's assume we have a Web crawl of FOAF data ...
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FILTERs in Basic Graph Patterns

“select all names of persons known by GB, Thomas, and Axel from their
FOAF files” (query3. sparql)

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
WHERE {
[ foaf:knows
[a foaf:Person ; foaf:name ?N] ]
FILTER ( ?N != "Giovambattista Ianni" &&
?N != "Thomas Krennwallner" && 7N != "Axel Polleres")

m graph patterns (WHERE part) allow Turtle syntax
m all Turtle shortcuts allowed

m Dataset can also be implicit, depending on the implementation. ..
so, let's assume we have a Web crawl of FOAF data ...

m ...i.e., we have to filter out the authors’' names from the result.
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UNIONs

“Names of persons who know Axel Polleres or who are known by Axel
Polleres”

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM ...

WHERE {
{ [ foaf:name "Axel Polleres" ] foaf:knows [foaf:name 7N ] }
UNION
{ [ foaf:name ?N ] foaf:knows [foaf:name "Axel Polleres" ] }
}
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UNIONs

“Names of persons who know Axel Polleres or who are known by Axel
Polleres”

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM ...

WHERE {
{ [ foaf:name "Axel Polleres" ] foaf:knows [foaf:name 7N ] }
UNION
{ [ foaf:name ?N ] foaf:knows [foaf:name "Axel Polleres" ] }
}

m UNION s allow alternative matching of several patterns, similar to
UNIONSs in SQL.
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OPTIONALs 1/2 — Partial Matching

“Select all names of persons known by Axel from his FOAF file and — if
available — their rdfs:seedlso links” query/.spargl

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N 7L

FROM <http://www.polleres.net/foaf.rdf>

WHERE {<http://www.www.polleres.net/foaf.rdf#me> foaf:knows 7X .
?X foaf:name 7N . 7X rdfs:seeAlso 7L

}

m “Normal” basic graph pattern doesn't work here, returns only those ?X with a
rdfs:seeAlso link.

7N 7L
"Dan Brickley™ <http://danbri.org/foaf.rdf>
"Ruben Lara Hernandez" <http://nets.ii.uam.es/Flara /foaf.rdf>
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OPTIONALs 1/2 — Partial Matching

“Select all names of persons known by Axel from his FOAF file and — if
available — their rdfs:seedlso links” query/.spargl

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT 7N 7L
FROM <http://www.polleres.net/foaf.rdf>
WHERE {<http://www.www.polleres.net/foaf.rdf#me> foaf:knows 7X .
?X foaf:name ?N . OPTIONAL <{ ?X rdfs:seeAlso 7L }
}

m “Normal” basic graph pattern doesn't work here, returns only those ?X with a
rdfs:seellso link.

m OPTIONAL allows partial variable bindings in the solutions.

[N [ 7L |

"Dan Brickley" <http://danbri.org/foaf.rdf>
"Ruben Lara Hernandez" <http://nets.ii.uam.es/Flara/foaf.rdf>

"Thomas Eiter"
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OPTIONALs 2/2 — Set difference

“Select all names of persons known by Axel from his FOAF file who don't
have a rdfs:seedlso links” query5.sparql

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM <http://www.polleres.net/foaf.rdf>

WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .
?X foaf:name ?N . OPTIONAL { 7X rdfs:seeAlso 7L }
FILTER ( ! bound(?L) )
}

m OPTIONAL allows partial variable bindings in the solutions.
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OPTIONALs 2/2 — Set difference

“Select all names of persons known by Axel from his FOAF file who don't
have a rdfs:seedlso links” query5.sparql

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM <http://www.polleres.net/foaf.rdf>

WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows ?X .
?X foaf:name ?N . OPTIONAL { 7X rdfs:seeAlso 7L }
FILTER ( ! bound(?L) )
}

m OPTIONAL allows partial variable bindings in the solutions.
m The negated bound() function in the FILTER allows to suppress unbound values.

7N

"Alexandre Passant"
"Manfred Pfeiffenberger"
"Thomas Eiter"
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“Select all names of persons known by Axel from his FOAF file who don't
have a rdfs:seedlso links” query5.sparql

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM <http://www.polleres.net/foaf.rdf>

WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .
?X foaf:name ?N . OPTIONAL { 7X rdfs:seeAlso 7L }
FILTER ( ! bound(?L) )
}

m OPTIONAL allows partial variable bindings in the solutions.

m The negated bound() function in the FILTER allows to suppress unbound values.

m This is similar to set difference (NOT EXISTS) in SQL or “negation as failure” in
Logic Programming rules.

7N

"Alexandre Passant"
"Manfred Pfeiffenberger"
"Thomas Eiter"
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“Select all names of persons known by Axel from his FOAF file who don't
have a rdfs:seedlso links” query5.sparql

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N

FROM <http://www.polleres.net/foaf.rdf>

WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .
?X foaf:name ?N . OPTIONAL { 7X rdfs:seeAlso 7L }
FILTER ( ! bound(?L) )
}

m OPTIONAL allows partial variable bindings in the solutions.

m The negated bound() function in the FILTER allows to suppress unbound values.

m This is similar to set difference (NOT EXISTS) in SQL or “negation as failure” in
Logic Programming rules.

m Many more useful FILTER functions available in SPARQL

7N

"Alexandre Passant"

"Manfred Pfeiffenberger"
"Thomas Eiter"
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GRAPH patterns

“Select all names of persons directly known by Axel or the names of persons
appearing in the files linked by rdfs:seedlso links.”

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT 7N
FROM <http://www.polleres.net/foaf.rdf>
WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .

{ { 7?X foaf:name ?N .}

UNION

{ ?X rdfs:seeAlso 7L . GRAPH ?L{ [a foaf:Person ] foaf:name ?N } }
}

m named GRAPH patterns allow to match pattern in remote graphs
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“Select all names of persons directly known by Axel or the names of persons
appearing in the files linked by rdfs:seedlso links.”

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT 7N
FROM <http://www.polleres.net/foaf.rdf>
FROM NAMED??7
WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .

{ { ?X foaf:name ?N .}

UNION

{ ?X rdfs:seeAlso ?L . GRAPH 7?7L{ [a foaf:Person ] foaf:name 7N } }

}

m named GRAPH patterns allow to match pattern in remote graphs

m the set of named graphs [Carroll et al., 2005] typically needs to be statically
declared in the dataset in current SPARQL implementations (FROM NAMED
clause), details see [Prud’hommeaux and Seaborne, 2007], i.e. most SPARQL
engines will not deliver the “expected” result here.
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“Select all names of persons directly known by Axel or the names of persons
appearing in the files linked by rdfs:seedlso links.”

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7N
FROM <http://www.polleres.net/foaf.rdf>
WHERE {<http://www.polleres.net/foaf.rdf#me> foaf:knows 7X .
{ { ?X foaf:name 7N .}
UNION
{ ?X rdfs:seeAlso ?L . GRAPH 7L{ [a foaf:Person ] foaf:name 7N } }
}

m named GRAPH patterns allow to match pattern in remote graphs

m the set of named graphs [Carroll et al., 2005] typically needs to be statically
declared in the dataset in current SPARQL implementations (FROM NAMED
clause), details see [Prud’hommeaux and Seaborne, 2007], i.e. most SPARQL
engines will not deliver the “expected” result here.

m version with "explicit” listing of named graphs, cf. query6.sparql, shows some
limits of SPARQL on real Web data. ..
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CONSTRUCT

CONSTRUCT queries in SPARQL allow to generate new RDF graphs from
the results of a query, e.g.

“Create a graph which establishes ‘foaf :knows relations for all persons
who | have co-authored with according to DBLP.” (query?.sparql)

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX: <http://dblp.13s.de/d2r/resource/authors/>

CONSTRUCT { <http://polleres.net/foaf.rdf#me> foaf:knows 7Y }
WHERE { ?D dc:creator :Axel_Polleres;
dc:creator ?Y . FILTER( ?Y != :Axel_Polleres )
}
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CONSTRUCT queries in SPARQL allow to generate new RDF graphs from
the results of a query, e.g.

“Create a graph which establishes ‘foaf :knows relations for all persons
who | have co-authored with according to DBLP.” (query7.sparql)

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX: <http://dblp.13s.de/d2r/resource/authors/>

CONSTRUCT { <http://polleres.net/foaf.rdf#me> foaf:knows ?Y }
WHERE { 7D dc:creator :Axel_Polleres;
dc:creator ?Y . FILTER( 7Y != :Axel_Polleres )
}

m "Output pattern” is a basic graph pattern
m similar to “views” in SQL

m May be viewed as a “rules language” itself.
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ASK

ASK queries are “yes/no" queries without explicit output, e.g.

“Does Axel know one of the co-authors of
<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8> 7"

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>

ASK
FROM <http://polleres.net/foaf.rdf>
FROM <http://dblp.13s.de/d2r/data/publications/journals/tplp/Berners-LeeCKSHO8>
WHERE { <http://polleres.net/foaf.rdf#me> foaf:knows 7A .
<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8>
dc:creator 7A }
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ASK

ASK queries are “yes/no" queries without explicit output, e.g.

“Does Axel know one of the co-authors of
<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8> 7

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

ASK

FROM <http://polleres.net/foaf.rdf>

FROM <http://dblp.13s.de/d2r/data/publications/journals/tplp/Berners-LeeCKSHO8>

WHERE { <http://polleres.net/foaf.rdf#me> foaf:knows 7A .

<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8>

dc:creator 7A }

Interestingly, this query returns “no”... why? Because SPARQL doesn’t know that

m <http://dblp.13s.de/d2r/resource/authors/Jim_Hendler> =
<http://www.cs.rpi.edu/ hendler/foaf.rdf#jhendler>
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ASK queries are “yes/no" queries without explicit output, e.g.

“Does Axel know one of the co-authors of
<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8> 7"

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

ASK

FROM <http://polleres.net/foaf.rdf>

FROM <http://dblp.13s.de/d2r/data/publications/journals/tplp/Berners-LeeCKSHO8>

WHERE { <http://polleres.net/foaf.rdf#me> foaf:knows 7A .

<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8>

dc:creator 7A }

Interestingly, this query returns “no”... why? Because SPARQL doesn't know that

m <http://dblp.13s.de/d2r/resource/authors/Jim_Hendler> =
<http://www.cs.rpi.edu/ hendler/foaf.rdf#jhendler>

although, in http://polleres.net/foaf.rdf there is a triple:
http://polleres.net/foaf.rdf#me> foaf:knows <http://www.cs.rpi.edu/ hendler/foaf.rdf#jhendler>
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ASK queries are “yes/no" queries without explicit output, e.g.

“Does Axel know one of the co-authors of
<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8> 7"

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

ASK

FROM <http://polleres.net/foaf.rdf>

FROM <http://dblp.13s.de/d2r/data/publications/journals/tplp/Berners-LeeCKSHO8>

WHERE { <http://polleres.net/foaf.rdf#me> foaf:knows 7A .

<http://dblp.13s.de/d2r/resource/publications/journals/tplp/Berners-LeeCKSHO8>

dc:creator 7A }

Interestingly, this query returns “no”... why? Because SPARQL doesn't know that

m <http://dblp.13s.de/d2r/resource/authors/Jim_Hendler> =
<http://www.cs.rpi.edu/ hendler/foaf.rdf#jhendler>

although, in http://polleres.net/foaf.rdf there is a triple:
http://polleres.net/foaf.rdf#me> foaf:knows <http://www.cs.rpi.edu/ hendler/foaf.rdf#jhendler>

More on that later...
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Exercise

Using the SPARQL interface to DBLP at
http://dblp.13s.de/d2r/snorql/ write a query that outputs the
following:

Task

Names of people who have published in TPLP but have not co-authored
with any of the authors of
http://dblp. 13s. de/ d2r/ resource/publications/ journals/ tplp/ Berners-LeeCKSHO8

m Can you do it in one query?
m Which of the constructs discussed do you need?
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m We have only “scratched the surface” here

m Extensions of SPARQL (updates (DELETE, INSERT, ...), aggregate functions
(SUM, MAX, COUNT,...), etc.) currently being discussed in W3C,
e.g. [esw-wiki, ]

m Rigid investigation of SPARQL’s semantics and complexity [Pérez et al., 2006;
Gutiérrez et al., 2004]

m Peculiarities in SPARQL's semantics (multiset semantics, joins over unbound
variables, etc. [Prud’hommeaux and Seaborne, 2007])

m SPARQL itself may be viewed as a “rules language” (CONSTRUCT): Translation of
SPARQL to rules [Schenk and Staab, 2008][Polleres, 2007]

m SPARQL only does RDF graph pattern matching, what about ontologies?
... Let's take a look at this next!
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Unit Outline

5. What does that data mean? Ontologies described in RDFS + OWL
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What does RDF data mean?

m Ontologies are formal descriptions of what the vocabulary used in an RDF
document means.

5“data” rather than “ontology”, in DL terminology this distinction is often called
ABox vs. TBox.
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What does RDF data mean?

m Ontologies are formal descriptions of what the vocabulary used in an RDF
document means.

m By vocabulary, we mean here mostly:
® properties,i.e., predicates
® classes, i.e., objects of rdf:type triples
o (individuals, i.e., concrete objects )®

5“data” rather than “ontology”, in DL terminology this distinction is often called
ABox vs. TBox.
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document means.

m By vocabulary, we mean here mostly:
® properties,i.e., predicates
® classes, i.e., objects of rdf:type triples
o (individuals, i.e., concrete objects )®
m Ontologies describe relations among properties, classes and individuals
(subclasses, subproperties, equivalence, domain, range, etc.)
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ABox vs. TBox.

A. Polleres VU 184.268 33/51



Unit 1 — Overview 5. What does it mean? RDFS+4+OWL

m Ontologies are formal descriptions of what the vocabulary used in an RDF
document means.

m By vocabulary, we mean here mostly:
® properties,i.e., predicates
® classes, i.e., objects of rdf:type triples
® (individuals, i.e., concrete objects )°
m Ontologies describe relations among properties, classes and individuals
(subclasses, subproperties, equivalence, domain, range, etc.)

m The W3C has published two standards to describe ontologies, namely RDF
Schema (RDFS) [Brickley and Guha (eds.), 2004] and the Web Ontology
language (OWL) [Patel-Schneider et al., 2004]

® RDFS ...simple schema language with minimal expressivity, mostly expressible in
simple forward chaining inference rules (Horn Rules)

® OWL ... higher expressivity, foundations in Description Logics

® both RDFS and OWL ontologies are RDF graphs themselves, i.e., OWL and
RDFS provide “an RDF vocabulary to describe RDF vocabularies”

5“data” rather than “ontology”, in DL terminology this distinction is often called

ABox vs. TBox.
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Example Vocabulary 1 — The FOAF ontology:

m Properties: name, knows, homepage, primaryTopic etc.
m Classes: Person, Agent, Document, Organisation, etc.

m Relations: e.g.

® FEach Person is a Agent (subclass)
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Example Vocabulary 1 — The FOAF ontology:

m Properties: name, knows, homepage, primaryTopic etc.
m Classes: Person, Agent, Document, Organisation, etc.

m Relations: e.g.

® FEach Person is a Agent (subclass) FOAF Vocabuary Specicaion 091

® The img property is more specific than depiction
(subproperty)

® img is a relation between Persons and Imgages
(domain/range)

® Eknows is a relation between two Persons
(domain/range)
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Unit 1 — Overview 5. What does it mean? RDFS4+OWL

Example Vocabulary 1 — The FOAF ontology:

m Properties: name, knows, homepage, primaryTopic etc.
m Classes: Person, Agent, Document, Organisation, etc.

m Relations: e.g.

® FEach Person is a Agent (subclass) FOAF Vocabuary Specicaion 091

® The img property is more specific than depiction
(subproperty)

® img is a relation between Persons and Imgages
(domain/range)

® Eknows is a relation between two Persons
(domain/range)

® homepage denotes unique homepage of an Agent
(uniquely identifying property)
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Unit 1 — Overview 5. What does it mean? RDFS4+OWL

Examples 2 — A simple ontology about reviewers:

m Properties: title, isAuthorQf, publishedlIn, etc.
m Classes: Senior, Paper, Publication, etc.

m Relations:

® A Publication is a Paper which has been published (subclass + existential
condition on property)

Sreuse of external ontologies!
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Examples 2 — A simple ontology about reviewers:

m Properties: title, isAuthorQf, publishedlIn, etc.
m Classes: Senior, Paper, Publication, etc.

m Relations:

® A Publication is a Paper which has been published (subclass + existential
condition on property)
® isduthorlOf is the opposite of Dublin Core’s dc:creator Property®
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Examples 2 — A simple ontology about reviewers:

m Properties: title, isAuthorQf, publishedlIn, etc.
m Classes: Senior, Paper, Publication, etc.

m Relations:
® A Publication is a Paper which has been published (subclass + existential
condition on property)
® isduthorlOf is the opposite of Dublin Core’s dc:creator Property®
® A Senior researcher is a foaf:Person who isduthor0f 10+ Publications
(subclass + condition on cardinality)

Sreuse of external ontologies!
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Unit 1 — Overview 5. What does it mean? RDFS4+OWL

Examples 2 — A simple ontology about reviewers:

m Properties: title, isAuthorQf, publishedlIn, etc.
m Classes: Senior, Paper, Publication, etc.
m Relations:
® A Publication is a Paper which has been published (subclass + existential
condition on property)
® isduthorlOf is the opposite of Dublin Core’s dc:creator Property®

® A Senior researcher is a foaf:Person who isduthor0f 10+ Publications
(subclass + condition on cardinality)

® FEach item can be publishedIn at most one venue (functional property)

Sreuse of external ontologies!
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.1 RDFS Vocabulary

RDF(S) vocabulary: RDF and RDFS themselves are vocabularies!

m Properties: rdf :type, rdfs:domain, rdfs:range, rdf:subClass0f,
rdf :subProperty0f, rdf:first, rdf:rest etc.

m Classes: rdf:XMLLiteral, rdf:Literal, rdfs:Resource, rdfs:Property,
rdfs:Class, rdf:List, etc.

m Relations:
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.1 RDFS Vocabulary

RDF(S) vocabulary: RDF and RDFS themselves are vocabularies!

m Properties: rdf :type, rdfs:domain, rdfs:range, rdf:subClass0f,
rdf :subProperty0f, rdf:first, rdf:rest etc.

m Classes: rdf:XMLLiteral, rdf:Literal, rdfs:Resource, rdfs:Property,
rdfs:Class, rdf:List, etc.

m Relations: The semantics of the RDFs vocabulary is defined in [Hayes, 2004]; it is
a “meta vocabulary” used to define the semantics of other vocabularies
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF + RDFS

The Semantics of RDF graphs:

Qprefix rdfs: <http://www.w3.0rg/2000/01/rdf-schemaz> .
©prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
Q©prefix foaf: <http://xmlns.com/foaf/0.1/> .
<http://www.mat.unical.it/~ianni/foaf.rdf> a foaf:PersonalProfileDocument.
<http://www.mat.unical.it/“ianni/foaf.rdf> foaf:maker :me .
<http://www.mat.unical.it/~ianni/foaf.rdf> foaf:primaryTopic _:me .
:me a foaf:Person . -
" :me foaf:name "Giovambattista lanni" .
~:me foaf:homepage <http://www.gibbi.com> .
_:me foaf:phone <tel:4-39-0984-496430> .
_ :me foaf:knows [ a foaf:Person ;
foaf:name "Wolfgang Faber" ;
rdfs:seeAlso <http://www.kr.tuwien.ac.at/staff/faber/foaf.rdf>].
__:me foaf:knows [ a foaf:Person .
foaf:name "Axel Polleres" ;
rdfs:seeAlso <http://www.polleres.net/foaf.rdf>].
_:me foaf:knows [ a foaf:Person .
foaf:name "Thomas Eiter" ] .
:me foaf:knows [ a foaf:Person .
B foaf:name "Alessandra Martello" ] .
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

The Semantics of RDF graphs:

As we will see in the next Units, each RDF graph can “roughly” be viewed as a
first-order formula:

Jme, b1,b2,b3, b4

(triple(foaf .rdf, rdf :type, PersonalProfileDocument)
triple(foaf .rdf, maker, me)

triple(foaf .rdf, primaryTopic, me)

triple(me, rdf : type, Person)

triple(me, name, "Giovambattista Ianni")

triple(me, homepage, http://www.gibbi.com)
triple(me, phone, tel:+39-0984-496430)

triple(me, knous, b2) A triple(bl, type, Person)
triple(b1, name, "Wolfgang Faber")

triple(b1, rdfs:seeAlso, http://wuw.kr.tuwien...)
triple(me, knows, b1) A triple(bl,rdf:type, Person)
triple(b2, name, "Axel Polleres")

triple(b2, rdfs:seeAlso, http://wuw.polleres...)
triple(me, knous, b3) A triple(bl,rdf:type, Person)
triple(b3, name, "Thomas Eiter")

triple(me, knows, b4) A triple(bl, type, Person)
triple(b4, name, "Alessandra Martello"))

S>>>>>>>>>>>>>>>
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

The Semantics of RDF graphs:

Alternatively, especially the OWL favors unary/binary predicate representation:

Ime, b1, b2, b3, b4 (PersonalProfileDocument(foaf.rdf)
A maker(foaf.rdf, me)

A primaryTopic(foaf.rdf, me)

A Person(me) A - - -)

m unary predicates for rdf :type predicates

m binary predicates for all other predicates
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Unit 1 — Overview 5. What does it mean? RDFS+OWL

The formal semantics of RDF(S) [Hayes, 2004] is accompanied by a set of
(informative) entailment rules ...can be written down roughly as the following
first-order formulas:

VS, P, O (triple(S, P, O) D triple(S, rdf :type, rdfs:Resource))
VS, P, O (triple(S, P, O) D triple(P, rdf:type, rdf : Property))
VS, P, O (triple(S, P, O) D triple(O, rdf : type, rdf s:Resource))
VS, P, O (triple(S, P, O) A triple(P, rdfs:domain, C') D triple(S, rdf:type, C))
VS, P, O, C (triple(S, P, O) A triple( P, rdfs:range, C) D triple(O, rdf:type, C))
VC (triple(C, rdf :type, rdfs:Class) D triple(C, rdfs:subClass0f, rdfs:Resource))
VCi, Cq, C3 (triple(Cq, rdfs:subClass0f, Ca) A
triple(Cg, rdfs:subClass0f, C3) D triple(Cq, rdfs:subClass0f, C3))
VS, C1, Ca (triple(S, rdf:type, C1) A triple(C7,rdfs:subClass0f, Ca) D triple(S, rdf:type, C2))
VS, C (triple(S, rdf :type, C) D triple(C, rdf :type, rdfs:Class))
VC (triple(C, rdf :type, rdfs:Class) D triple(C, rdfs:subClass0f, C))
VP;, Py, P3 (triple(P;, rdfs:subProperty0f, Py) A
triple( P2, rdfs:subProperty0f, P3) D triple(P;, rdfs:subProperty0f, P3))
VS, Py, Pa, O (triple(S, Py, O) A triple(Py, rdfs:subProperty0f, Py) D triple(S, P2, O))
VP (triple(P, rdf :type, rdf :Property) D triple(P, rdfs:subProperty0f, P))

plus the axiomatic triples from [Hayes, 2004, Sections 3.1 and 4.1].
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The Semantics of the RDFS vocabulary:

The formal semantics of RDF(S) [Hayes, 2004] is accompanied by a set of
(informative) entailment rules ...can be written down roughly as the following
first-order formulas:

VS, P, O (triple(S, P, O) D triple(S, rdf :type, rdfs:Resource))
VS, P, O (triple(S, P, O) D triple( P, rdf:type, rdf : Property))
VS, P, O (triple(S, P, O) D triple(O, rdf : type, rdfs:Resource))
VS, P, O (triple(S, P, O) A triple(P, rdfs:domain, C') D triple(S, rdf:type, C))
VS, P, O, C (triple(S, P, O) A triple( P, rdfs:range, C) D triple(O, rdf:type, C))
VC (triple(C, rdf :type, rdfs:Class) D triple(C, rdfs:subClass0f, rdfs:Resource))
VCi, Cq, C3 (triple(Cq, rdfs:subClass0f, Ca) A
triple(Cg, rdfs:subClass0f, C3) D triple(Cq, rdfs:subClass0f, C3))
VS, Cq, Ca (triple(S, rdf:type, C1) A triple(Cq,rdfs:subClass0f, Cy) D triple(S, rdf:type, C2))
VS, C (triple(S, rdf:type, C) D triple(C, rdf:type, rdfs:Class))
VC (triple(C, rdf :type, rdfs:Class) D triple(C, rdfs:subClass0f, C))
VP;, Py, P3 (triple(P;, rdfs:subProperty0f, Py) A
triple(Ps, rdfs:subProperty0f, P3) D triple( Py, rdfs:subProperty0f, P3))
VS, P1, P, O (triple(S, P1, O) A triple(Py, rdfs:subProperty0f, P2) D triple(S, P2, O))
VP (triple(P, rdf :type, rdf :Property) D triple(P, rdfs:subProperty0f, P))

plus the axiomatic triples from [Hayes, 2004, Sections 3.1 and 4.1].
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

The Semantics of the RDFS vocabulary:

Note 1:
All those rules were Datalog expressible, i.e. no negation, no function symbols.
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The Semantics of the RDFS vocabulary:

Note 1:
All those rules were Datalog expressible, i.e. no negation, no function symbols.

Note 2:
Writing entailment rules in unary/binary representation would yield second order, e.g.:

VS, C1, Cq (triple(S, rdf :type, C1) A triple(Cq,rdfs:subClass0f, Cy) D triple(S, rdf:type, Ca))
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

The Semantics of the RDFS vocabulary:

Note 1:
All those rules were Datalog expressible, i.e. no negation, no function symbols.

Note 2:
Writing entailment rules in unary/binary representation would yield second order, e.g.:

VS, Cq1,Cs (C1(S) A rdfs:subClass0f(Cq,C2) D C2(S))
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

RDFS Semantics Example: The FOAF ontology

FOAF Ontology:

m Each Person is a 4gent (subclass)

The img property is more specific than depiction (subproperty)
img is a relation between Persons and Imgages (domain/range)

knows is a relation between two Persons (domain/range)

homepage denotes unique homepage of an Agent (uniquely identifying property)

RDFS: Semantics

VS, C1, Ca (triple(S, rdf:type, C1) A triple(C1,rdfs:subClass0f, C2) D triple(S, rdf:type, C2))

Data:

:me rdf:type foaf:Person .
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RDFS Semantics Example: The FOAF ontology

FOAF Ontology in RDF:

m foaf:Person rdfs:subClass0f foaf:Agent .
foaf:img rdfs:subProperty0f foaf:depiction .
foaf:img rdfs:domain foaf:Person ; rdfs:range foaf:Image .

foaf :knows rdfs:domain foaf:Person ; rdfs:range foaf:Person .

77

RDFS: Semantics

VS, Cy, Ca (triple(S, rdf:type, C1) A triple(Cy,rdfs:subClass0f, Cy) D triple(S, rdf:type, Ca))

Data:

:me rdf:type foaf:Person .
:me rdf:type foaf:Agent .
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.2 Semantics of RDF 4+ RDFS

RDFS Semantics Example: The FOAF ontology

FOAF Ontology in RDF:

m foaf:Person rdfs:subClass0f foaf:Agent .
foaf:img rdfs:subProperty0f foaf:depiction .
foaf:img rdfs:domain foaf:Person ; rdfs:range foaf:Image .

foaf:knows rdfs:domain foaf:Person ; rdfs:range foaf:Person .

homepage denotes unique homepage of an Agent 777

RDFS: Semantics

VS, Cq ,.02 (triple(S, rdf:type, C1) A triple(C1,rdfs:subClass0f, Cy) D triple(S, rdf:type, C2))

Data:

:me rdf:type foaf:Person .
:me rdf:type foaf:Agent .
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Unit 1 — Overview 5. What does it mean? RDFS+OWL

m homepage denotes unique homepage of an Agent (uniquely identifying property)

For expressing this, we need more than the RDFS vocabulary. OWL is
again an RDF vocabulary, extending RDF(S), fixed semantics that adds
more expressivity on top of RDFS:

m Properties: owl:sameAs, owl:differentFrom, owl:inverseOf, owl:onProperty,
owl:allValuesFrom, owl:someValuesFrom, owl:minCardinality,
owl:maxCardinality etc.

m Classes: owl:Restriction, owl:DatatypeProperty, owl:0bjectProperty,
owl:FunctionalProperty, owl:InverseFuncionalProperty, owl:SymmetricProperty
etc.

m Relations: The semantics of OWL is defined in [Patel-Schneider et al., 2004]
® in terms of its RDF reading (OWL Full semantics), and

7 .
OWL DL puts restrictions on the use of the OWL and RDF vocabulary, e.g. classes may not be used as
instances, etc., for instance one rdf:type integer . integer rdf:type simpleDatatype . would not be allowed.
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m homepage denotes unique homepage of an Agent (uniquely identifying property)

For expressing this, we need more than the RDFS vocabulary. OWL is
again an RDF vocabulary, extending RDF(S), fixed semantics that adds
more expressivity on top of RDFS:

m Properties: owl:sameAs, owl:differentFrom, owl:inverseOf, owl:onProperty,
owl:allValuesFrom, owl:someValuesFrom, owl:minCardinality,
owl:maxCardinality etc.

m Classes: owl:Restriction, owl:DatatypeProperty, owl:0bjectProperty,
owl:FunctionalProperty, owl:InverseFuncionalProperty, owl:SymmetricProperty
etc.

m Relations: The semantics of OWL is defined in [Patel-Schneider et al., 2004]

® in terms of its RDF reading (OWL Full semantics), and
® in terms of its Description Logics reading (OWL DL semantics)”

7 .
OWL DL puts restrictions on the use of the OWL and RDF vocabulary, e.g. classes may not be used as
instances, etc., for instance one rdf:type integer . integer rdf:type simpleDatatype . would not be allowed.
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

The Semantics of the OWL vocabulary (DL reading):

Description Logics:
m syntactic variant of first-order logic with equality
m especially tailored for talking about concepts (classes, sets) and roles (properties)

m dedicated symbols for class membership and subclass/subproperty relation:

foaf:Person rdfs:subClassOf foaf:Agent Person E Age’l’bt
:me rdf:type foaf:Person me € Person
A. Polleres VU 184.268

42/51



Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL DL in two slides: 1/2

Expressing property characteristics:

OWL property axioms as RDF triples DL syntax FOL short representation

P rdfs:domain C . TCVP™.C Vz,y.P(xz,y) D C(x)

P rdfs:range C . TCVP.C Vz,y.P(z,y) D C(y)

P owl:inverseOf Py . P =P, Vz,y.P(z,y) = Py(y, z)

P rdf:type owl:SymmetricProperty. P=P" Vz,y.P(z,y) = P(y, x)

P rdf:type owl:FunctionalProperty. TCEL1P Va,y,z.P(z,y) AN P(z,z) Dy =2
P rdf:type owl:InverseFunctionalProperty. TC 1P Vz,y,z.P(z,y) AP(z,y) Dz =2
P rdf:type owl:TransitiveProperty. ptCP Vz,y,z.P(z,y) A P(y,z) D P(z, 2)
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Expressing property characteristics:

OWL property axioms as RDF triples DL syntax FOL short representation
P rdfs:domain C' . TCVP™.C Va,y.P(z,y) D C(x)
P rdfs:range C . TCVPC Vz,y.P(z,y) D C(y)
P owl:inverseOf Py . P =Py Vz,y.P(z,y) = Py(y, z)
P rdf:type owl:SymmetricProperty. P =P Ve,y.P(z,y) = P(y, x)
P rdf:type owl:FunctionalProperty. TCEL1P Va,y,z.P(z,y) AN P(z,z) Dy ==z
P rdf:type owl:InverseFunctionalProperty. TC 1P Vz,y,z.P(z,y) AP(z,y) Dz ==
P rdf:type owl:TransitiveProperty. pt cCP Vze,y,z.P(x,y) N P(y,z) D P(z, 2)
Expressing complex class descriptions:
OWL complex class descriptions™ DL syntax FOL short representation
owl:Thing T =z
owl:Nothing 1 =
owl:intersectionOf (Cy ...Cy) cin---nacy Ci(z) A+ AN Cp(z)
owl:union0f (Cp ...Cy) Ciu---uCpy Ci(z) V-V Cp(x)
owl:complementOf (C') -C -C(z)
owl:one0f (01 ...0n) {o1,...,0n} =01V ---VI=o0pn
owl:restriction (P owl:someValuesFrom (C)) 3JpP.C Jy.P(z,y) A C(y)
owl:restriction (P owl:allValuesFrom (C)) VP.C Vy.P(z,y) D C(y)
owl:restriction (P owl:value (0)) 3dP.{o} P(z,o0)
n
owl:restriction (P owl:minCardinality (n)) > nP Fy1...Yn- /\ P(x,yp)A /\ Y #Yj
k=1 i<j

n+1
owl:restriction (P owl:maxCardinality (n)) < nP VY1 Yn1- /\ P(z,yr)D V Yi =Yj

k=1 i<j

*For reasons of legibility, we use a variant of the OWL abstract syntax [Patel-Schneider et al., 2004] in this table.
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL DL in two slides: 2/2

Relating Class descriptions:

C rdfs:subClass0f Cy C1 ECq
C'1 owl:equivalentClass Cg C1=Cq
C1 owl:disjointWith Cg CinC C L

Relating individuals:

01 owl:sameAs o7 01 = 02
01 owl:differentFrom oo 01 75 092
A. Polleres VU 184.268
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<http://www.polleres.net/foaf.rdf#me>
<http://dblp.l3s.de/d2r/resource/authors/Axel_Polleres>
<http://polleres.net/foaf.rdf#me>
<http://www.mat.unical.it/~ianni/foaf.rdf#me>

Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL DL in two slides: 2/2

Relating Class descriptions:

C rdfs:subClass0f Cy C1 ECq
C'1 owl:equivalentClass Cg C1=Cq
C1 owl:disjointWith Cg CinC C L

Relating individuals:

01 owl:sameAs o7 01 = 02
01 owl:differentFrom oo 01 ;ﬁ 092

Examples:

<http://www.polleres.net/foaf.rdf#me> owl:sameAs
<http://dblp.13s.de/d2r/resource/authors/Axel_Polleres> .

<http://polleres.net/foaf.rdf#me> owl:differentFrom
<http://www.mat.unical.it/"ianni/foaf.rdf#me> .
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<http://dblp.l3s.de/d2r/resource/authors/Axel_Polleres>
<http://polleres.net/foaf.rdf#me>
<http://www.mat.unical.it/~ianni/foaf.rdf#me>

Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL Example: The FOAF ontology

m homepage denotes unique homepage of an Agent (uniquely identifying property)

...in OWL/RDF syntax:

foaf:homepage rdf:type owl:InverseFunctionalProperty .
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL Example: The FOAF ontology

m homepage denotes unique homepage of an Agent (uniquely identifying property)

...in OWL/RDF syntax:
foaf:homepage rdf:type owl:InverseFunctionalProperty .
...in DL syntax:

T C < lhomepage™
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

OWL Example: The FOAF ontology

m homepage denotes unique homepage of an Agent (uniquely identifying property)

...in OWL/RDF syntax:
foaf:homepage rdf:type owl:InverseFunctionalProperty .
...in DL syntax:
T C < lhomepage™
Example inference:

<http://www.polleres.net/foaf.rdf#me> foaf:homepage
<http://www.polleres.net/> .

<http://dblp.13s.de/d2r/resource/authors/Axel_Polleres> foaf:homepage
<http://www.polleres.net/> .
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OWL Example: The FOAF ontology

m homepage denotes unique homepage of an Agent (uniquely identifying property)

...in OWL/RDF syntax:
foaf:homepage rdf:type owl:InverseFunctionalProperty
...in DL syntax:
T C < lhomepage™
Example inference:

<http://www.polleres.net/foaf.rdf#me> foaf:homepage
<http://www.polleres.net/> .

<http://dblp.13s.de/d2r/resource/authors/Axel_Polleres> foaf:homepage
<http://www.polleres.net/> .

<http://www.polleres.net/foaf.rdf#me> owl:sameAs
<http://dblp.13s.de/d2r/resource/authors/Axel_Polleres> .
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OWL Example: A simple ontology about reviewers

Jex:title. T C
Jex:title” . T C
ex:isAuthorOf ~ =
ex:Publication =
TC

ex:Senior =

ex:Club100 =

ex: Paper

zsd:string

dc:creator

ex:Paper M Jex:publishedIn.T

< 1 ex:publishedIn™

foaf:Person M > 10 ex:isAuthorOf M

Jex:isAuthorOf .ex: Publication
foaf:Person M > 100 ex:isAuthorOf

8

( ... ) is a shortcut for rdf:Lists, expand to rdf:first, rdf:rest, rdf:nil triples.

(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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Jex:title” . T

ex:isAuthorOf —

ex: Publication
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ex:Senior

c

ontology about reviewers

ex: Paper
zsd:string

dc:creator
ex:Paper M Jex:publishedIn.T

< 1 ex:publishedIn™
foaf:Person M > 10 ex:isAuthorOf M
Jex:isAuthorOf .ex: Publication

ex:Club100 = foaf:Person M > 100 ex:isAuthorOf

m A Publication is a Paper which has been published (iv)

ex:Publication owl:intersectionOf ( ex:Paper [ a owl:Restriction; owl:onProperty ex:publishedIn ;

owl:minCardinality 1 ] ) .

8
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OWL Example: A simple ontology about reviewers

Jexz:title. T C ex:Paper (i)

Jex:title” . T C wzsd:string (i)

ex:isAuthorOf — = dc:creator (iii)

ex:Publication = ex:Paper M Jex:publishedIn.T (iv)

T C < 1 ex:publishedIn™ (v)

ex:Senior = foaf:Person M > 10 ex:isAuthorOf M (vi)
Jex:isAuthorOf .ex: Publication

ex:Club100 = foaf:Person M > 100 ex:isAuthorOf (vii)

m A Publication is a Paper which has been published (iv)
ex:Publication owl:intersectionOf ( ex:Paper [ a owl:Restriction; owl:onProperty ex:publishedIn ;
owl:minCardinality 1 ] ) 8

m isduthor0f is the opposite of Dublin Core'’s dc:creator Property (iii)

ex:isAuthor0Of owl:inverseOf dc:creator .

8( ... ) is a shortcut for rdf:Lists, expand to rdf:first, rdf:rest, rdf:nil triples.

(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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OWL Example: A simple ontology about reviewers

Jexz:title. T C ex:Paper (i)

Jex:title” . T C wzsd:string (i)

ex:isAuthorOf ~— = dc:creator (iii)

ex:Publication = ex:Paper M Jex:publishedIn.T (iv)

T C < 1 ex:publishedIn ™ (v)

ex:Senior = foaf:Person M > 10 ex:isAuthorOf M (vi)
Jex:isAuthorOf .ex: Publication

ex:Club100 = foaf:Person M > 100 ex:isAuthorOf (vii)

m A Publication is a Paper which has been published (iv)
ex:Publication owl:intersectionOf ( ex:Paper [ a owl:Restriction; owl:onProperty ex:publishedIn ;

owl:minCardinality 1 ] ) 8

m isduthor0f is the opposite of Dublin Core'’s dc:creator Property (iii)
ex:isAuthor0f owl:inverseOf dc:creator .

m A Senior researcher is a foaf:Person who isduthor0f 10+ Publications (vi)°
ex:Senior owl:intersectionOf ( foaf:Person [ a owl:Restriction; owl:onProperty ex:isAuthorOf ;
owl:minCardinality 10 ] [ a owl:Restriction; owl:onProperty ex:isAuthor0f ; owl:someValuesFrom
ex:Publication ] ) .

m Each item can be publishedIn at most one venue (v)

8( ... ) is a shortcut for rdf:Lists, expand to rdf:first, rdf:rest, rdf:nil triples.

(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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oW

L Example: A simple ontology about reviewers

Jexz:title. T C ex:Paper (i)

Jex:title” . T C wzsd:string (i)

ex:isAuthorOf ~— = dc:creator (iii)

ex:Publication = ex:Paper M Jex:publishedIn.T (iv)

T C < 1 ex:publishedIn™ (v)

ex:Senior = foaf:Person M > 10 ex:isAuthorOf M (vi)
Jex:isAuthorOf .ex: Publication

ex:Club100 = foaf:Person M > 100 ex:isAuthorOf (vii)

N

A Publication is a Paper which has been published (iv)

ex:Publication owl:intersectionOf ( ex:Paper [ a owl:Restriction; owl:onProperty ex:publishedIn ;
owl:minCardinality 1 ] ) 8

isduthor0f is the opposite of Dublin Core's dc:creator Property (iii)

ex:isAuthor0f owl:inverseOf dc:creator .

A Senior researcher is a foaf:Person who isduthor0f 10+ Publications (vi)°
ex:Senior owl:intersectionOf ( foaf:Person [ a owl:Restriction; owl:onProperty ex:isAuthorOf ;
owl:minCardinality 10 ] [ a owl:Restriction; owl:onProperty ex:isAuthor0f ; owl:someValuesFrom
ex:Publication ] )

Each item can be publishedIn at most one venue (v)

ex:publishedIn a owl:FunctionalProperty .

8

A. Polleres

( ... ) is a shortcut for rdf:Lists, expand to rdf:first, rdf:rest, rdf:nil triples.
(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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Reasoning with Ontologies

Tools:

m Special purpose DL reasoners:
Pellet [Sirin et al., 2005], Racer [Haarslev and Méller, 2001], Fact++ [Tsarkov
and Horrocks, 2006]
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Reasoning with Ontologies

Tools:

m Special purpose DL reasoners:
Pellet [Sirin et al., 2005], Racer [Haarslev and Méller, 2001], Fact++ [Tsarkov
and Horrocks, 2006]

m General purpose FOL theorem provers:
SNARK [Stickel et al., ], SPASS [SPASS, |, Vampire [Riazanov and Voronkov,
2002]

m Rule/LP engines: cf. Unit3
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SPARQL & Ontologies

SPARQL on top of ontologies not (yet) entirely clear (cf. [Arenas et al., , Unit 5b]):
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Unit 1 — Overview 5. What does it mean? RDFS+OWL 5.4 OWL Semantics

SPARQL & Ontologies

SPARQL on top of ontologies not (yet) entirely clear (cf. [Arenas et al., , Unit 5b]):
m Problem 1: infinite RDFS/OWL inferences on a finite graph
m Problem 2: co-reference of blank nodes in SPARQL solutions
m Problem 3: SPARQL is SQL inspired (CWA), OWL/RDFS are (OWA):

e.g., OPTIONAL patterns are non-monotonic, RDFS+OWL inference are both monotonic, that can lead
to query answers valid under simple RDF, but not under OWL entailment, etc.

W3C's OWL2 WG tries to define SPARQL DL ...stay tuned!
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Unit Outline

6. What's next?
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Unit 1 — Overview 6. What's next?

Summary

m We should all have a rough idea about where to find RDF now.
m We should all have a rough idea about how to read RDF now.
m We should all have a rough idea of how to query RDF (SPARQL).

m We should all have an idea of how the semantics of RDF
vocabularies and data can be descibed (RDFS + OWL)

Details to comel!
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Unit 1 — Overview 6. What's next?

What's next?

m Details on the semantics of RDF+RDFS

m Details on the semantics of SPARQL, and why SPARQL+RDFS is
not trivial.

m Details on OWL, and sneak-preview on OWL2
m Time allowed: sneak-preview on RIF (Rule Interchange Format)

m Towards the end of the lecture: practical applications on Reasoning
about Web Data.
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