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Unit 1 – RDF(S), OWL & SPARQL

Unit Outline

1. Motivation – Aggregating Linked Open Data by Rules

2. How can I publish data? RDF

3. How can I query that data? SPARQL

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

5. What’s next?
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Unit 1 – RDF(S), OWL & SPARQL 1. Intro

Building a review panel for our book

You want to publish a book containing the
lectures of this Summer School. . .

Who are the right reviewers?
Which reviewers are in conflict?
Observation: Much of the necessary data is
available on the Web!

Questions:

Where do I get the right data?
Which rules and query languages do I use to aggregate this data?
Which systems are out there to support me?
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)

More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things

2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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de

lla
Cala

bri
a,

Ren
de

, It
aly

ia
nn
i@
ma
t.
un
ic
al
.i
t

3
Digi

tal
Ente

rpr
ise

Rese
arc

h Ins
titu

te,
Nati

on
al

Univ
ers

ity
of

Ire
lan

d,
Galw

ay

{fi
rs
tn
am
e.
la
st
na
me
}@d

er
i.
or
g

Abstr
ac

t.
Rule

s an
d on

tol
og

ies
pla

y a ke
y rol

e in
the

lay
ere

d arc
hit

ec
tur

e of
the

Sem
an

tic
W

eb
, a

s the
y are

us
ed

to
asc

rib
e mea

nin
g to,

an
d to

rea
so

n ab
ou

t, d
ata

on
the

W
eb

. W
hil

e the
Onto

log
y Lay

er
of

the
Sem

an
tic

W
eb

is
qu

ite
de

ve
lop

ed
,

an
d

the
W

eb
Onto

log
y

Lan
gu

ag
e (O

W
L) is

a W
3C

rec
om

men
da

tio
n

sin
ce

a

co
up

le
of

ye
ars

alr
ea

dy
, the

rul
es

lay
er

is
far

les
s de

ve
lop

ed
an

d an
ac

tiv
e are

a

of
res

ea
rch

; a
nu

mbe
r of

ini
tia

tiv
es

an
d pro

po
sal

s ha
ve

be
en

mad
e so

far
, b

ut
no

sta
nd

ard
as

be
en

rel
ea

sed
ye

t. M
an

y im
ple

men
tat

ion
s of

rul
e en

gin
es

are
aro

un
d

whic
h de

al
with

Sem
an

tic
W

eb
da

ta
in

on
e or

an
oth

er
way

. T
his

art
icl

e giv
es

a

co
mpre

he
ns

ive
, a

lth
ou

gh
no

t e
xh

au
sti

ve
, o

ve
rvi

ew
of

su
ch

sy
ste

ms,
de

scr
ibe

s the
ir

su
pp

ort
ed

lan
gu

ag
es,

an
d set

s the
m

in
rel

ati
on

with
the

ore
tic

al
ap

pro
ac

he
s for

co
mbin

ing
rul

es
an

d on
tol

og
ies

as
for

ese
en

in
the

Sem
an

tic
W

eb
arc

hit
ec

tur
e.

In

the
co

urs
e of

thi
s,

we ide
nti

fy
de

sir
ed

pro
pe

rti
es

an
d co

mmon
fea

tur
es

of
rul

e

lan
gu

ag
es

an
d ev

alu
ate

ex
ist

ing
sy

ste
ms ag

ain
st

the
ir

su
pp

ort
. F

urt
he

rm
ore

, w
e

rev
iew

tec
hn

ica
l pro

ble
ms un

de
rly

ing
the

int
eg

rat
ion

of
rul

es
an

d
on

tol
og

ies
,

an
d cla

ssi
fy

rep
res

en
tat

ive
pro

po
sal

s for
the

ore
tic

al
int

eg
rat

ion
ap

pro
ac

he
s int

o

dif
fer

en
t c

ate
go

rie
s.

1
In

tro
ducti

on

The
iss

ue
of

ha
vin

g rul
es

on
top

or
asi

de
on

tol
og

ies
writ

ten
in

OW
L

is
an

im
po

rta
nt

mile
sto

ne
on

the
W

orl
d W

ide
W

eb
Con

so
rti

um
’s

(W
3C

) ag
en

da
for

co
mple

tin
g the

Sem
an

tic
Web

arc
hit

ec
tur

e.
Desp

ite
ari

sin
g the

ore
tic

al
iss

ue
s,

du
e to

the
co

mple
men

tar
y

na
tur

e of
ex

ist
ing

on
tol

og
y an

d rul
es

lan
gu

ag
es

a ple
tho

ra
of

rul
e ba

sed
sy

ste
ms ha

ve

be
en

de
ve

lop
ed

ov
er

the
las

t ye
ars

, dri
ve

n by
the

ne
ed

for
rul

e-b
ase

d int
eg

rat
ion

of

co
ns

tan
tly

gro
wing

Sem
an

tic
W

eb
da

ta;
cu

rre
ntl

y,
the

W
3C

is
de

sig
nin

g of
a un

ify
ing

ex
ch

an
ge

for
mat

– the
Rule

Int
erc

ha
ng

e Form
at

(R
IF

) [9]
– for

the
va

rio
us

ex
ist

ing

lan
gu

ag
es.

This
art

icl
e aim

s at
giv

ing
a sn

ap
sh

ot
ov

erv
iew

of
ex

ist
ing

lan
gu

ag
es

an
d

sy
ste

ms im
ple

men
tat

ion
s,

of
the

ir
fea

tur
es

an
d of

the
the

ore
tic

al
ap

pro
ac

he
s the

y bu
ild

up
on

.

? This
res

ea
rch

ha
s be

en
pa

rti
all

y su
pp

ort
ed

by
the

Euro
pe

an
FP6 pro

jec
ts

inC
on

tex
t (I

ST-0
34

71
8)

an
d REW

ERSE
(IS

T-
20

03
-50

67
79

),
by

the
Aus

tri
an

Scie
nc

e Fun
d (F

W
F) pro

jec
ts

P17
21

2,

P20
84

0,
an

d P20
84

1,
an

d by
the

Scie
nc

e Fou
nd

ati
on

Ire
lan

d un
de

r Gran
t N

o.
SFI/0

2/C
E1/I

13
1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.

3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.

4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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1.

A lot of Web data already available “out there” in a machine-readable format (RDF)
More and more of it follows the Linked Data principles1, i.e.:

1 Use URIs as names for things
2 Use HTTP dereferenceable URIs so that people can look up those names.
3 When someone looks up a URI, provide useful information.
4 Include links to other URIs so that they can discover more things.

1Excellent tutorial here: http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/

A. Polleres ReasoningWeb’08 4/45

http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/


Unit 1 – RDF(S), OWL & SPARQL 1. Intro 1.1 Where is the data?

Where is the data? 2/4

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 )
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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:

extract RDF directly from HTML or XML files

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

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

profile http://www.w3.org/2001/sw/
grddl-wg/td/hcard . . .

. . . points to XSL transformation
http://www.w3.org/2006/vcard/
hcard2rdf.xsl

. . . which – executed on the original
HTML file – extracts RDF.
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. . . which – executed on the original
HTML file – extracts RDF.
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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:2

Gives unique URIs to authors, documents, etc. on DBLP! E.g.,
http://dblp.l3s.de/d2r/page/authors/Thomas_Eiter,
http://dblp.l3s.de/d2r/page/publications/conf/rweb/EiterIKP08

Provides RDF version of all DBLP data + query interface!

2http://dblp.l3s.de/d2r/
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Unit 1 – RDF(S), OWL & SPARQL 1. Intro 1.2 How can I query data?

How can I query that data? SPARQL

SPARQL – W3C approved standardized query language for RDF:

look-and-feel of “SQL for the Web”

allows to ask queries like

“All documents created by Thomas Eiter”

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

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

“All people who have published in the Reasoning Web Series but have not
co-authored with any of the authors of the present paper”

Example:

SELECT ?D
FROM <http://dblp.l3s.de/d2r/page/authors/Thomas_Eiter>
WHERE {?D dc:creator <http://dblp.l3s.de/d2r/resource/authors/Thomas_Eiter>}
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What does the data mean? 2/2

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

Friend-of-a-Friend (FOAF) [Brickley and Miller, 2007]

Socially-Interlinked-Online-Communities (SIOC) [Bojārs et al., 2007]

Dublin Core [Nilsson et al., 2008]
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Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Unit Outline

1. Motivation – Aggregating Linked Open Data by Rules

2. How can I publish data? RDF

3. How can I query that data? SPARQL

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

5. What’s next?
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Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Semantic Web Data: The Resource Description Framework (RDF)

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

“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”.

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

triples can be viewed as edges of a labeled,directed graph.

main advantage: Graphs are easy to merge! (Trees,Tables aren’t)
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Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

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 .
Y 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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Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Resources in RDF, Syntax

Resources are identified by URIs (to encourage web-wide unique identifiers)

There are special URIs, defined in vocabularies (FOAF, SIOC, RDF, etc. )

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”.

Ugly to read. . . more compact syntaxes like Turtle [Beckett, 2007] allow prefix definitions á la
XML:

@prefix : <http://polleres.net/foaf.rdf#> .
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix 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 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

More on RDF – Shortcuts in Turtle Syntax

@prefix : <http://polleres.net/foaf.rdf#>
@prefix 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.l3s.de/d2r/data/authors/Giovambattista_Ianni> .
:me foaf:knows <http://dblp.l3s.de/d2r/page/authors/Thomas_Eiter> .
<http://dblp.l3s.de/d2r/page/authors/Thomas_Eiter> dc:creator X .
X rdf:type foaf:Document .
X dc:title “Rules and Ontologies for the Semantic Web”.

Blank nodes in Turtle are written as _:Varname

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 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Collecting RDF from the Web

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

For published RDF data there exists a machine-readable XML syntax. Lots of tools and
APIs to read/process/convert this data (Redland (C++),3 Jena (Java),4 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" ] .

_:me foaf:knows [ a foaf:Person .
foaf:name "Alessandra Martello" ] .

3http://librdf.org/
4http://jena.sourceforge.net/
A. Polleres ReasoningWeb’08 15/45

http://librdf.org/
http://jena.sourceforge.net/


Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Collecting RDF from the Web

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

For published RDF data there exists a machine-readable XML syntax. Lots of tools and
APIs to read/process/convert this data (Redland (C++),3 Jena (Java),4 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" ] .

_:me foaf:knows [ a foaf:Person .
foaf:name "Alessandra Martello" ] .

3http://librdf.org/
4http://jena.sourceforge.net/
A. Polleres ReasoningWeb’08 15/45

http://librdf.org/
http://jena.sourceforge.net/


Unit 1 – RDF(S), OWL & SPARQL 2. How can I publish data? RDF

Collecting RDF from the Web

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

For published RDF data there exists a machine-readable XML syntax. Lots of tools and
APIs to read/process/convert this data (Redland (C++),3 Jena (Java),4 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" ] .

_:me foaf:knows [ a foaf:Person .
foaf:name "Alessandra Martello" ] .

3http://librdf.org/
4http://jena.sourceforge.net/
A. Polleres ReasoningWeb’08 15/45

http://librdf.org/
http://jena.sourceforge.net/


Unit 1 – RDF(S), OWL & SPARQL 3. How can I query data? SPARQL

Unit Outline

1. Motivation – Aggregating Linked Open Data by Rules

2. How can I publish data? RDF

3. How can I query that data? SPARQL

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

5. What’s next?

A. Polleres ReasoningWeb’08 16/45



Unit 1 – RDF(S), OWL & SPARQL 3. How can I query data? SPARQL

How can I query/aggregate RDF data? SPARQL

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

Prologue: P prefix prefix: <namespace-URI>
Head: C construct { template } . . . construct a new RDF graph

S select variable list . . . select matching resources fin a graph
A ask . . . boolean query

Body: D from / from named <dataset-URI>
W where { pattern }
M order by expression

limit integer > 0
offset integer > 0

Let us start with select queries and focus on the different patterns:
• basic graph patterns (Conjunctive queries)
• filters
• unions of patterns
• optional 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 ?N
from <http://www.mat.unical.it/˜ianni/foaf.rdf>
where {

<http://www.mat.unical.it/˜ianni/foaf.rdf#me> foaf:knows ?X .
?X a foaf:Person . ?X foaf:name ?N .

}

graph patterns (where part) allow Turtle syntax

all Turtle shortcuts allowed5

merge of several graphs can be queried at once

5We 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)
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FILTERs in Basic Graph Patterns

“select all names of persons known by the authors from their FOAF files”

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

select ?N
where {

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

}

graph patterns (where part) allow Turtle syntax

all Turtle shortcuts allowed

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

. . . i.e., we have to filter out the authors’ names from the result.
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FILTERs in Basic Graph Patterns

“select all names of persons known by the authors from their FOAF files”

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

select ?N
where {

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

filter ( ?N != "Thomas Eiter" && ?N != "Giovambattista Ianni"
&& ?N != "Thomas Krennwallner" && ?N != "Axel Polleres")

}

graph patterns (where part) allow Turtle syntax

all Turtle shortcuts allowed

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

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

A. Polleres ReasoningWeb’08 19/45



Unit 1 – RDF(S), OWL & SPARQL 3. How can I query data? SPARQL

UNIONs

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

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

select ?N
from ...
where {

{ [ foaf:name "Axel Polleres" ] foaf:knows [foaf:name ?N ] }
union
{ [ foaf:name ?N ] foaf:knows [foaf:name "Axel Polleres" ] }

}

union s allow alternative matching of several patterns, similar to
UNIONs in SQL.
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OPTIONALs 1/2 – Partial Matching

“Select all names of persons known by G.B. from his FOAF file and – if
available – their rdfs:seeAlso links”

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

select ?N ?L
from <http://www.mat.unical.it/˜ianni/foaf.rdf>
where {<http://www.mat.unical.it/˜ianni/foaf.rdf#me> foaf:knows ?X .

?X foaf:name ?N . ?X rdfs:seeAlso ?L
}

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

optional allows partial variable bindings in the solutions.

?N ?L
"Wolfgang Faber" <http://www.kr.tuwien.ac.at/staff/faber/foaf.rdf>
"Axel Polleres" <http://www.polleres.net/foaf.rdf>
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OPTIONALs 2/2 – Set difference

“Select all names of persons known by G.B. from his FOAF file who don’t
have a rdfs:seeAlso links”

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

select ?N
from <http://www.mat.unical.it/˜ianni/foaf.rdf>
where {<http://www.mat.unical.it/˜ianni/foaf.rdf#me> foaf:knows ?X .

?X foaf:name ?N . optional { ?X rdfs:seeAlso ?L }
filter ( ! bound(L) )

}

optional allows partial variable bindings in the solutions.

The negated bound() function in the filter allows to suppress unbound values.
This is similar to set difference (NOT EXISTS) in SQL or “negation as failure” in
Logic Programming rules.
Many more useful filter functions available in SPARQL
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GRAPH patterns

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

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

select ?N
from <http://www.mat.unical.it/˜ianni/foaf.rdf>
where {<http://www.mat.unical.it/˜ianni/foaf.rdf#me> foaf:knows ?X .

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

}

named graph patterns allow to match pattern in remote graphs

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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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 I have co-authored with according to DBLP.”

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/>
prefix: <http://dblp.l3s.de/d2r/resource/authors/>

construct { <http://polleres.net/foaf.rdf#me> foaf:knows ?Y }
where { ?D dc:creator :Axel_Polleres;

dc:creator ?Y . FILTER( ?Y != :Axel_Polleres )
}

“Output pattern” is a basic graph pattern
similar to “views” in SQL
May be viewed as a “rules language” itself.
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Exercise

Using the SPARQL interface to DBLP at
http://dblp.l3s.de/d2r/snorql/ write a query that outputs the
following:

Task
Names of people who have published in the Reasoning Web Series but have
not co-authored with any of the authors of the present paper

Can you do it in one query?
Which of the constructs discussed do you need?
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SPARQL summary

We have only “scratched the surface” here

Extensions of SPARQL (updates (DELETE, INSERT, ...), aggregate functions
(SUM, MAX, COUNT,...), etc.) currently being discussed in W3C,
e.g. [esw-wiki, ;
Polleres et al., 2007]

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

Peculiarities in SPARQL’s semantics (multiset semantics, joins over unbound
variables, etc. [Pérez et al., 2006;
Polleres and Schindlauer, 2007])

SPARQL itself may be viewed as a “rules language” (construct)

Translation of SPARQL to rules [Schenk and Staab, 2008;
Polleres, 2007]

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

1. Motivation – Aggregating Linked Open Data by Rules

2. How can I publish data? RDF

3. How can I query that data? SPARQL

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

5. What’s next?
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What does RDF data mean?

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

By vocabulary, we mean here mostly:
• properties,i.e., predicates
• classes, i.e., objects of rdf:type triples
• (individuals, i.e., concrete objects )6

Ontologies describe relations among properties, classes and individuals
(subclasses, subproperties, equivalence, domain, range, etc.)

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”

6“data” rather than “ontology”, in DL terminology this distinction is often called
ABox vs. TBox.
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL

Example Vocabulary 1 – The FOAF ontology:

Properties: name, knows, homepage, primaryTopic etc.

Classes: Person, Agent, Document, Organisation, etc.

Relations: e.g.

• Each Person is a Agent (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)

...
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL

Examples 2 – A simple ontology about reviewers:

Properties: title, isAuthorOf, publishedIn, etc.

Classes: Senior, Paper, Publication, etc.

Relations:
• A Publication is a Paper which has been published (subclass + existential

condition on property)

• isAuthorOf is the opposite of Dublin Core’s dc:creator Property7
• A Senior researcher is a foaf:Person who isAuthorOf 10+ Publications

(subclass + condition on cardinality)
• Each item can be publishedIn at most one venue (functional property)

...

7reuse of external ontologies!
A. Polleres ReasoningWeb’08 30/45
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.1 RDFS Vocabulary

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

Properties: rdf:type, rdfs:domain, rdfs:range, rdf:subClassOf,
rdf:subPropertyOf, rdf:first, rdf:rest etc.

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

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 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + RDFS

The Semantics of RDF graphs:

@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" ] .

_:me foaf:knows [ a foaf:Person .
foaf:name "Alessandra Martello" ] .
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + RDFS

The Semantics of RDF graphs:

Each RDF graph can be viewed as a first-order formula:

∃me, 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, knows, b2) ∧ triple(b1 , type, Person)
∧ triple(b1 , name, "Wolfgang Faber")
∧ triple(b1 , rdfs:seeAlso, http://www.kr.tuwien...)
∧ triple(me, knows, b1) ∧ triple(b1 , rdf:type, Person)
∧ triple(b2 , name, "Axel Polleres")
∧ triple(b2 , rdfs:seeAlso, http://www.polleres...)
∧ triple(me, knows, b3) ∧ triple(b1 , rdf:type, Person)
∧ triple(b3 , name, "Thomas Eiter")
∧ triple(me, knows, b4) ∧ triple(b1 , type, Person)
∧ triple(b4 , name, "Alessandra Martello"))
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The Semantics of RDF graphs:

Alternatively, especially in the SW community, F-Logic has gained popularity:

∃me, b1 , b2 , b3 , b4 (foaf.rdf#PersonalProfileDocument
∧ foaf.rdf[maker→ me]
∧ foaf.rdf[primaryTopic→ me]
∧ me#Person ∧ · · · )

special notion for class membership (rdf:type): #

frames s[p→ o] naturally represent triples
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + RDFS

The Semantics of RDF graphs:

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

∃me, b1 , b2 , b3 , b4 (PersonalProfileDocument(foaf.rdf)
∧ maker(foaf.rdf, me)
∧ primaryTopic(foaf.rdf, me)
∧ Person(me) ∧ · · · )

unary predicates for rdf:type predicates

binary predicates for all other predicates
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + RDFS

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 as first-order formulas again:

∀S, P, O (triple(S, P, O) ⊃ triple(S, rdf:type, rdfs:Resource))

∀S, P, O (triple(S, P, O) ⊃ triple(P, rdf:type, rdf:Property))

∀S, P, O (triple(S, P, O) ⊃ triple(O, rdf:type, rdfs:Resource))

∀S, P, O (triple(S, P, O) ∧ triple(P, rdfs:domain, C) ⊃ triple(S, rdf:type, C))

∀S, P, O, C (triple(S, P, O) ∧ triple(P, rdfs:range, C) ⊃ triple(O, rdf:type, C))

∀C (triple(C, rdf:type, rdfs:Class) ⊃ triple(C, rdfs:subClassOf, rdfs:Resource))

∀C1, C2, C3 (triple(C1, rdfs:subClassOf, C2) ∧
triple(C2, rdfs:subClassOf, C3) ⊃ triple(C1, rdfs:subClassOf, C3))

∀S, C1, C2 (triple(S, rdf:type, C1) ∧ triple(C1, rdfs:subClassOf, C2) ⊃ triple(S, rdf:type, C2))

∀S, C (triple(S, rdf:type, C) ⊃ triple(C, rdf:type, rdfs:Class))

∀C (triple(C, rdf:type, rdfs:Class) ⊃ triple(C, rdfs:subClassOf, C))

∀P1, P2, P3 (triple(P1, rdfs:subPropertyOf, P2) ∧
triple(P2, rdfs:subPropertyOf, P3) ⊃ triple(P1, rdfs:subPropertyOf, P3))

∀S, P1, P2, O (triple(S, P1, O) ∧ triple(P1, rdfs:subPropertyOf, P2) ⊃ triple(S, P2, O))

∀P (triple(P, rdf:type, rdf:Property) ⊃ triple(P, rdfs:subPropertyOf, P ))

plus the axiomatic triples from [Hayes, 2004, Sections 3.1 and 4.1].
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + 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.:
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Note 2:
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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.:
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.2 Semantics of RDF + RDFS

RDFS Semantics Example: The FOAF ontology

FOAF Ontology:
Each Person is a Agent (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
.
.
.

∀S, C1, C2 (triple(S, rdf:type, C1) ∧ triple(C1, rdfs:subClassOf, C2) ⊃ triple(S, rdf:type, C2))
.
.
.

Data:

:me rdf:type foaf:Person .

:me rdf:type foaf:Agent .
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.3 OWL Vocabulary

The OWL vocabulary:

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:

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

Classes: owl:Restriction, owl:DatatypeProperty, owl:ObjectProperty,
owl:FunctionalProperty, owl:InverseFuncionalProperty, owl:SymmetricProperty
etc.

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)8

8OWL 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 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.4 OWL Semantics

The Semantics of the OWL vocabulary (DL reading):

Description Logics:
syntactic variant of first-order logic with equality

especially tailored for talking about concepts (classes, sets) and roles (properties)

dedicated symbols for class membership and subclass/subproperty relation:
foaf:Person rdfs:subClassOf foaf:Agent Person v Agent
:me rdf:type foaf:Person me ∈ Person
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.4 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 . > v ∀P−.C ∀x, y.P (x, y) ⊃ C(x)

P rdfs:range C . > v ∀P.C ∀x, y.P (x, y) ⊃ C(y)

P owl:inverseOf P0 . P ≡ P−0 ∀x, y.P (x, y) ≡ P0(y, x)

P rdf:type owl:SymmetricProperty. P ≡ P− ∀x, y.P (x, y) ≡ P (y, x)

P rdf:type owl:FunctionalProperty. > v 6 1P ∀x, y, z.P (x, y) ∧ P (x, z) ⊃ y = z

P rdf:type owl:InverseFunctionalProperty. > v 6 1P− ∀x, y, z.P (x, y) ∧ P (z, y) ⊃ x = z

P rdf:type owl:TransitiveProperty. P+ v P ∀x, y, z.P (x, y) ∧ P (y, z) ⊃ P (x, z)

Expressing complex class descriptions:
OWL complex class descriptions∗ DL syntax FOL short representation
owl:Thing > x = x

owl:Nothing ⊥ ¬x = x

owl:intersectionOf (C1 . . . Cn) C1 u · · · u Cn C1(x) ∧ · · · ∧ Cn(x)

owl:unionOf (C1 . . . Cn) C1 t · · · t Cn C1(x) ∨ · · · ∨ Cn(x)

owl:complementOf (C) ¬C ¬C(x)

owl:oneOf (o1 . . . on) {o1, . . . , on} x = o1 ∨ · · · ∨ x = on
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n̂

k=1

P (x, yk)∧
^

i<j

yj 6=yj

owl:restriction (P owl:maxCardinality (n)) 6 nP ∀y1...yn+1.

n+1̂

k=1

P (x, yk)⊃
_

i<j

yi =yj

∗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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OWL DL in two slides: 2/2

Relating Class descriptions:
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C1 owl:equivalentClass C2 C1 ≡ C2

C1 owl:disjointWith C2 C1 u C2 v ⊥

Relating individuals:
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o1 owl:differentFrom o2 o1 6= o2

Examples:

<http://www.polleres.net/foaf.rdf#me> owl:sameAs
<http://dblp.l3s.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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OWL Example: The FOAF ontology

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

. . . in OWL/RDF syntax:

foaf:homepage rdf:type owl:InverseFunctionalProperty .

. . . in DL syntax:

> v 6 1homepage−

Example inference:
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<http://dblp.l3s.de/d2r/resource/authors/Axel_Polleres> .
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.4 OWL Semantics

OWL Example: A simple ontology about reviewers
∃ex :title.> v ex :Paper (i)

∃ex :title
−

.> v xsd:string (ii)

ex :isAuthorOf
− ≡ dc:creator (iii)

ex :Publication ≡ ex :Paper u ∃ex :publishedIn.> (iv)

> v 6 1 ex :publishedIn
− (v)

ex :Senior ≡ foaf :Person u > 10 ex :isAuthorOf u (vi)

∃ex :isAuthorOf .ex :Publication

ex :Club100 ≡ foaf :Person u > 100 ex :isAuthorOf (vii)

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 ] ) .9

isAuthorOf is the opposite of Dublin Core’s dc:creator Property (iii)
ex:isAuthorOf owl:inverseOf dc:creator .

A Senior researcher is a foaf:Person who isAuthorOf 10+ Publications (vi)10
ex:Senior owl:intersectionOf ( foaf:Person [ a owl:Restriction; owl:onProperty ex:isAuthorOf ;

owl:minCardinality 10 ] [ a owl:Restriction; owl:onProperty ex:isAuthorOf ; owl:someValuesFrom

ex:Publication ] ) .

Each item can be publishedIn at most one venue (v)
ex:publishedIn a owl:FunctionalProperty .

9
( ... ) is a shortcut for rdf:Lists, expand to rdf:first, rdf:rest, rdf:nil triples.

10(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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10(vi) is not exactly that, qualified number restrictions will likely be in OWL 2, though.
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.4 OWL Semantics

Reasoning with Ontologies

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

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

Rule/LP engines: cf. Unit3
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Unit 1 – RDF(S), OWL & SPARQL 4. What does it mean? RDFS+OWL 4.4 OWL Semantics

SPARQL & Ontologies

SPARQL on top of ontologies not (yet) entirely clear (cf. [Arenas et al., , Unit 5b]):

Problem 1: infinite RDFS/OWL inferences on a finite graph

Problem 2: co-reference of blank nodes in SPARQL solutions

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.

OWL2 WG tries to define SPARQL DL . . . stay tuned!
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Unit 1 – RDF(S), OWL & SPARQL 5. What’s next?

Unit Outline

1. Motivation – Aggregating Linked Open Data by Rules

2. How can I publish data? RDF

3. How can I query that data? SPARQL

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

5. What’s next?
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Unit 1 – RDF(S), OWL & SPARQL 5. What’s next?

What’s next? Rules!

Can I use my favorite rules engine/language to do Ontology
Reasoning with RDFS+OWL?
Can I use rules to aggregate the Web data I collected from various
sites beyond the expressivity of RDFS+OWL?
Can I combine RDFS, OWL, SPARQL and custom rules?
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