Semantic Web and
Linked Data Graphs

or how to link data and
schemas on the web

Fabien Gandon, http://fabien.info, @fabien_gandon
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semantic web

mentioned by Tim BL
in 1994 at WWW

[Tim Berners-Lee 1994, http://www.w3.org/Talks/ WWW94Tim/]



http://www.w3.org/People/Berners-Lee/
http://www.w3.org/Talks/WWW94Tim/

address

WEB

communication identification




address

WEB

communication identification




User Interface & Applications

Tru st

—

Ontology:
OWL
SPARQL

2
RDF'S Rule: -
RIF o

URI/IRI

SEMANTIC WEB STANDARD STACK  w3c(C°



Interaction

reasoning

representation

SEMANTIC WEB STANDARD STACK w3cC°®
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URL

identify what
exists on the web.

http://my-site.fr *@



identify what identify,
exists on the web. on the web,
what exists.



IR

identify what identify, identify,
exists on the web. on the web, on the web,

what exists. in any language,
what exists.
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HTTP URI

303 €
GET

HTML,RDF,...

Imked data principles

Use RDF as data format

= Use HTTP URIs as names for things so that
people can look up those names

= When someone looks up a URI, provide useful information
(RDF, HTML, etc.) using content negotiation

= |nclude links to other URIs so that related things can be discovered




a web of linked data ...

we publish and link structured resource descriptions
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number of published and linked open datasets on the web of data




thematic content

Number of Number of

1 () i [0)
Domains datasets Triples Yo Out links %o

Media 25 1841852061  5,82% 50 440 705 10,01 %
Geography 31 6145 532 484 19,43 % 35812 328 7,11 %
Government 49 13315009 400 42,09 % 19 343 519 3,84 %
Publications 87 2950720693 9,33% 139 925 218 27,76 %
Inter-domain 41 4184635715 13,23 % 63 183 065 12,54 %
Life Sciences 41 3036336004 9,60 % 191 844 090 38,06 %
Users’ content 20 134 127 413 0,42 % 3449 143 0,68 %
295 31634 213 770 503 998 829

0%

B Government
B Geography
M Inter-domain
M Life Sciences
M Publications
B Media

= Users' content



http://www.ckan.net/dataset/search?q=groups:lodcloud+AND+-tags:lodcloud.unconnected+AND+-tags:lodcloud.needsfixing

using CURL to fetch data




what is the latest identification
standard on the Web?



A WEB OF

LINKED DATA
SPARQL

RDF

w3c®



R D F stands for

esource: pages, dogs, ideas...
everything that can have a URI
escription: attributes, features, and
relations of the resources
Framework: model, languages and
syntaxes for these descriptions



R D F IS a triple model 1.e. every

piece of knowledge is broken down into

‘ ( subject, predicate , object)




doc.html has for author Fabien
and has for theme Music



doc.html has for author Fabien
doc.html has for theme Music



(doc.html, author , Fabien )
(doc.html, theme , Music )

(subject , predicate , object)



Predicate

Su bjectl

atriple

the RDF atom



R D Fis also a graph model

to link the descriptions of resources



R D Ftriples can be seen as arcs
of a graph ( , vertex)



(doc.html , author , Fabien )
(doc.html, theme , Music )



Fabien O

author

doc.htm]

theme

Music




ttp://ns.inria.fr/fabien.gando@

http://inria.fr/schema#tauthor

http://inria.fr/rr/doc.html

http://inria.fr/schema#theme

¥l Music




ttp://ns.inria.fr/fabien.gandor@

http://inria.fr/schema#tauthor

(0

http://inria.fr/rr/doc.html >

< http://inria.fr/rr/doc.html
http://inria.fr/schema#ttheme -

< Music




open and link data in a

global glant graph

\
v’-’



in F values of properties can also be
literals i.e. strings of characters



( doc.html, author , Fabien )
( doc.html, theme , "Music" )



ttp://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#tauthor

http://inria.fr/rr/doc.html

http://inria.fr/schema#theme

"Music"



F/> has an XML syntax



<rdf :RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-
rdf-syntax-ns#"
xmlns:inria="http://inria.fr/schemaf#" >

<rdf:Description
rdf :about="http://inria.fr/rr/doc.html">

<inria:author rdf:resource=
"http://ns.inria.fr/fabien.gandonf#ime" />

<inria:theme>Music</inria:theme>

</rdf:Description>

</rdf :RDF>



F has other syntaxes
(Turtle, TriG, N-Triples, N-Quads, JSON, RDFa)

Supports Multiple Graphs
\‘

JSON-LD

TriG

N-Quads




@prefix rdf:
<http://www.w3.0rqg/1999/02/22-rdf-syntax-ns#> .

@prefix inria: <http://inria.fr/schema#> .

<http://inria.fr/rr/doc.html>

inria:author
<http://ns.inria.fr/fabien.gandon#me> ;

inria:theme "Music"

Turtle



<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#fauthor>
<http://ns.inria.fr/fabien.gandonfme>

<http://inria.fr/rr/doc.html>
<http://inria.fr/schemaj#}theme> "Music"

N-Triples



writing rules for RDF triples

* the subject is always a resource (never a literal)

* properties are binary relations and their types are

identified by URIs WL

e the value is a resource or a literal P



blank nodes (bnodes)
handy anonymous nodes (existential quantification)

there exist a resource such that...{dr; ...}

<rdf:Description rdf:about="http://bu.ch/123.html ">
<author>

<rdf:Description> @) <http://bu.ch/123.html>
<surname>Doe</surname>
<firstname>John</firstname> author
</rdf:Description> [surname "Doe" ;
</author> firstname "John" . ] ;
<title>My Life</title> title uMy Life" .
</rdf:Description>

" http://bu.ch/I23.htm|

firstname/ \surname

"My Life" "John" "Doe"




XML schema datatypes & literals

standard literals are xsd:string
type literals with datatypes from XML Schema

<rdf:Description rdf:about="#Fabien">
<teaching rdf:datatype="http://www.w3.0rg/2001/XMLSchema#boolean'">
true</teaching>
<birth rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#tidate">

1975-07-31</birth>
</rdf:Description/> ‘
#Fabien teaching "true"*”xsd:boolean ;
birth "1975-07-31"**xsd:date l l

e h. z 1l 11l
H#HFabien teachin true"Mxsd:boolean

"1975-07-31"**xsd:date



Built-in Datatype Hierarchy

[--—--—-—--

|all complex types |

anyiimp

ur types —
built-in primitive types I —

built-in deriwved types

O

complex types

derived by restriction

derived by list

derived by extension or
restriction

|duratinn||dateTimE||time||date||g¥earMDnth HgYear||gMDnthDay||gDay”gMDnth|

|bDDlean||baSEEQBinary HhexBinary||leat| |dnuhle||an?URI||QHame||HDTATIOH|

string

|nDrmalizEdString

decimal
integer

tDk%E] |nDnPDsitivEIntEger ||ang¢|nDnHEgativEInteger |

|language||ﬂame| |HMTDKEH| |negative1nteger ”int||unsignedLnng Hpnsitivelnteger
T

)
|]!-IC Hatne | | I-]'IU]TD;{E s |

|IDREF | |EI-ITITE|
T T

|IDRIEFS ||EI-ITI'II'IES |

|shnrt||unsigned1nt|

|byte||unsigned5hurt

|un51gnEdB?tE|

XML Schema datatypes

W3C - http://www.w3.0org/TR/xmlschema-2/




<Book>
<title xml:lang=‘fr’>Seigneur des anneaux</title>
<title xml:lang=‘en’>Lord of the rings</title>
</Book>

<Book> title "Seigneur des anneaux"(dfr ;

title "Lord of the rings"(en

literals with languages and without are disjoint
“Fabien” # “Fabien”@en # “Fabien”Qfr

language




typing resources

using URIs to identify the types
<urn://~fgandon> rdf:type <http://www.inria.fr/schema#Person>

a resource can have several types

<urn://~fgandon> rdf:type <http://www.inria.fr/schema#Person>
<urn://~fgandon> rdf:type <http://www.inria.fr/schema#fResearcher>
<urn://~fgandon> rdf:type <http://www.mit.edu/schema#Lecturer>

<rdf:Description rdf:about="urn://~fgandon">
<rdf:type rdf:resource="http://www.inria.fr/schema#Person" />

<name>Fabien</name>

</rdf:Description>

<in:Person rdf:about="urn://~fgandon">

<name>Fabien</name>
<urn://~fgandon>
</1n: Person> — .
a 1n:Person ;

name "Fabien" .




question:

<?xml version="1.0"?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:exs="http://example.org/schema#">

<rdf:Description rdf:about="http://example.org/doc.html">

<rdf:type rdf:resource="http://example.orqg/schemaf#Report"/>

<exs:theme rdf:resource="http://example.org#Music" />

<exs:theme rdf:resource="http://example.org#History"/>

<exs:nbPages rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">23</exs:nbPages>
</rdf :Description>
</rdf :RDF>

meaning ?



question:

<?xml version="1.0"7?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:exs="http://example.org/schema#">

<rdf:Description rdf:about="http://example.org/doc.html">

<rdf:
<exs:
<exs:

<exs:

</rdf

type rdf:resource="http://example.org/schema#Report"/>
theme rdf:resource="http://example.org#Music"/>

theme rdf:resource="http://example.org#History"/>
nbPages rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">23</exs:nbPages>

:Description>
</rdf:RDF> exs:Report

http://example.org/do@

exs:nbPages

“23"Mxsd:int

http://example.org#@
http://example.org#HisD

exs:theme

exs:theme




bags = unordered groups

<rdf:Description rdf:about="4#">

<author>
<rdf:Bag>

<rdf:1i>Ivan Herman</rdf:1i>
<rdf:1li>Fabien Gandon</rdf:1i>

</rdf:Bag>
</author>
</rdf:Description>

<#> author :a

<#> author [
a rdf:Bag ;
rdf:11 "Ivan Herman" ;
rdf:1i "Fabien Gandon"

ra rdf:_liszan Herman”
_:a rdf:_2 “Fabien Gandon”




sequence

ordered group of resources or literals
<rdf:Description rdf:about="#partition">

<contains> —
<rdf:Seq> <partition>
<rdf:1i rdf:about="#C"/> contains [
<rdf:1li rdf:about="#C"/> a rdf:Seq ;
<rdf:11 rdf:about="#C"/> rdf:1i "C"
<rdf:1i rdf:about="#D"/> rdf:1i "C"
<rdf:1i rdf:about="#E"/> rdf:1i "C"
</rdf:Seq> rdf:1i "D"
</contalns? | rdf-1i "E"
</rdf:Description> ]

oSN
T
T

:

|

J_E#I |I| >

1IN
1
y




alternatives

e.g. title of a book in different languages
<rdf:Description rdf:about="#book">

<title>
<rdf:Alt>

<rdf:1i xml:lang="fr">1l’'homme qui prenait sa femme
pour un chapeau</rdf:1i>

<rdf:1i xml:lang="en">the man who mistook his wife
for a hat</rdf:1i>

</rdf:Alt>
</title>
</rdf:Description>

<#{book>
title [
a rdf:Alt ;
rdf:11 "1’homme.."Qfr
rdf:1i "the man.."(@en

1 .

4

PICADOR

THE MAN WHO
MISTOOK HIS WIFE
FOR A HAT

OLIVER SACKS

‘Awonderful book...full of wonder. wonders
and wondering.” puncr

Oliver Sacks E

~ L’homme
qui prenait sa femme
pour un chapeau




qu\-ﬁ} V\'w\-\‘} Yuw\a“} \;\decq«\n‘x Yw-rge\»} Yrae\-c} Xa\—v\rﬁ\a‘}

collection

exhaustive and ordered list

<rdf:Description rdf:about="#week"> List
<dividedIn rdf:parseType="Collection"> rest _first
<rdf:Description rdf:about="#monday"/>
<rdf:Description rdf:about="#tuesday"/>
<rdf:Description rdf:about="#wednesday"/>
<rdf:Description rdf:about="#thursday"/>
<rdf:Description rdf:about="#friday"/>
<rdf:Description rdf:about="#saturday"/>
<rdf:Description rdf:about="#sunday"/>
</devidedIn>
</rdf:Description>

<#week> dividedIn
( <#monday> <#tuesday> <#wednesday>
<#thursday> <#friday> <#saturday> <#sunday>

)




F (named) graphs
group triples in graphs named by IRIs



@prefix rdf:
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix inria: <http://inria.fr/schema#> .

GRAPH <http://inria.fr/people>
{ <http://inria.fr/rr/doc.html>

inria:author
<http://ns.inria.fr/fabien.gandonme>

GRAPH <http://inria.fr/topics>
{ <http://inria.fr/rr/doc.html>

inria:theme "Music"

} | TriG



<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#author>
<http://ns.inria.fr/fabien.gandon#me>
<http://inria.fr/people>

<http://inria.fr/rr/doc.html>

<http://inria.fr/schemaj#}theme> "Music"
<http://inria.fr/topics>

N-Quads



http://my_domain.org/my_path/my_type

openmodel

* extensible vocabulary based on URIs
e anyone can say anything about anything



 to the world




open and link data in a

global glant graph

\
v’-’
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what is the mathematical
structure of the RDF model?



query with SPARQL

SPARQL Protocol and RDF
Query Language



OWL Rules

DL Programming of OWL/Rules

SPARQL

RDF Schemas

RDF Model & Syntax

IRI/Unicode

SPARQL in 3 parts

part 1: query language
part 2: result format
part 3: access protocol



— SPARQL query
"\ SELECT ...
e FROM . ..
“ WHERE { ... }



example

persons at least 18-year old

PREFIX ex: <http://inria.fr/schema#>

SELECT “person 7?“name

WHERE {
?person rdf:type ex:Person
?person ex:name ?name
?person ex:age ?age
FILTER (?age > 17)

}




left(X,y)

right(z,v)
left(y,z)

right(z,u)

*

. left /AN\Jeft
right(u,v) . ,

= &

left(x,?p) left(?p,z)




graph mapping / projection
classical three clauses:
— Select: clause to select the values to be returned

— Where: triple/graph pattern to match

— Filter: constraints expressed using test functions
(XPath 2.0 or external)




SPARQL triples

 triples and question marks for variables:
?xXx rdf:type ex:Person

e graph patterns to match:
SELECT 7?subject ?proprerty ?value
WHERE {?subject ?proprerty ?value}

e a pattern is, by default, a conjunction of triples

SELECT ?x WHERE
{ ?x rdf:type ex:Person
?X ex:name ?name . }




question:

* Query:

SELECT 7?name WHERE ({

?X name

?name

?X emaill ?email

}

* Base:

name
name
name
name

PopoooDw

e Results ?

"Fabien"

X2

"Thomas"

"Lincoln"

"Aline"

emalil <mailto
emalil <mailto
emalil <mailto
email <mailto

: thom@chaka.sn>
:Fabien.Gandon@inria.fr>
:avalandre@pachinko. jp>
:bafien@fabien.info>



prefixes

to use namespaces:
PREFIX mit: <http://www.mit.edu#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT ?student
WHERE {
?student mit:registeredAt ?x .
?x foaf:homepage <http://www.mit.edu> .

}

—
—

Base namespace : BASE <..>



SPARQL result

failure/ success

values found



result formats

e abindingi.e. list of all the selected values
(SELECT) for each answer found;
(stable XML format ; e.g. for XSLT transformations)

 RDF sub-graphs for each answer found
(RDF/XML format ; e.g. for application integration)

* JSON (eg. ajax web applications)
 CSV/TSV (eg. export)




example of binding

results for previous query in XML

<?xml version="1.0"?>
<sparqgl xmlns="http://www.w3.0rg/2005/sparqgl-results#">
<head>
<variable name="student"/>
</head>
<results ordered='"false" distinct="false">
<result>
<binding name='"student">
<uri>http//www.mit.edu/data.rdf#ndieng</uri></binding>
</result>
<result>
<binding name="student">
<uri>http//www.mit.edu/data.rdf#jdoe</uri></binding>
</result>
</sparql>



simplified syntax

triples with a common subject:

SELECT ?name ?fname SELECT ?name ?fname
WHERE ({ WHERE {

?X a Person; “ ?x rdf:type Person
name °?name ; ?X name ?name
firstname ?fname ; ?X firstname ?fname
author ?y . } ?x author %y

}
list of values
?X firstname '"Fabien", "Lucien"
blank node

[firstname "Fabien"] OF [] firstname "Fabien"



source

PREFIX mit: <http://www.mit.edu#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

FROM http//www.mit.edu/data.rdf
SELECT 7?student
WHERE {
?student mit:registeredAt 7?x .
?x foaf:homepage <http://www.mit.edu>

}



optional part

PREFIX mit: <http://www.mit.edu#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT ?student(?name>

WHERE { possibly unbound
?student mit:registeredAt ?x .
?x foaf:homepage <http://www.mit.edu>

OPTIONAL {? student foaf:name ?name
}




union P N

alternative graph patterns t

PREFIX mit: <http://www.mit.edu#f>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT 7?student ?name
WHERE {
?student mit:registeredAt ?x

{{
?x foaf:homepage <http://www.mit.edu>

}
UNION

{

?x foaf:homepage <www.stanford.edu/>

}




what are the results of this query on this base?

:name "Fabien"

:name "Thomas"

:name "Lincoln"

:name "Aline"

:email <mailto:thom@chaka.sn>

:email <mailto:Fabien.Gandon@inria.fr>
:email <mailto:avalandre(@pachinko. jp>
:email <mailto:bafien@fabien.info>

SELECT ?name WHERE {
?X :name ?name ;

:email ?email .

:a
:b
:C
:d
:b
:a
:d
:a

base



sort, filter and limit answers

PREFIX mit: <http://www.mit.edu#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT ?student ?name
WHERE {
?student mit:registeredAt ?x .
?x foaf:homepage <http://www.mit.edu>

?student foaf:name ?name

? student foaf:age 7?age

FILTER (?age > 22)

} ER (G AVHICTIND
ORDER BY ?name AT BT S WD &
LIMIT 20
OFFSET 20

students older than 22 years sorted by name
results from number #21 to #40



operators

* Inside the FILTER:
— Comparators: <, >, =, <=, >=, I=

— Tests on variables : 1sURI (?x), isBlank (?x),
isLiteral (?x), bound(?x)

— Regular expression regex (?x, "A.*")

— Attributes and values: lang () , datatype(), str()
— Casting: xsd:integer (?x)

— External functions and extensions

— Boolean combinations: &&, ||

* Inthe where WHERE: @fr , ~~xsd:integer
* |In the SELECT: distinct



other functions (v 1.1)

isNumeric (Val) test it is a numeric value
coalesce (val,.., wval) first valid value

IRI (Str) /URI (Str) to buildan iri/urifrom a string
BNODE (ID) to build a blank node

RAND () random value between O and 1
ABS (Val) absolute value

CEIL(Val), FLOOR(Val), ROUND (Val)

NOW () today’s date

DAY (Date) , HOURS (Date) , MINUTES (Date),
MONTH (Date) , SECONDS (Date) ,
TIMEZONE (Date), TZ(Date), YEAR (Date)

to access different parts of a date

MD5 (Val) , SHAl (Val), SHA256(Val),
SHA384 (Val) , SHAS512 (Val) hash functions



string / literal functions (v1.1)

STRDT (value, type) build a typed literal
STRLANG (value, lang) build a literal with a language

CONCAT (1itl,..,1litn) concatenate a list of literal

CONTAINS (1itl,1lit2), STRSTARTS (litl,1lit2),
STRENDS (1itl,1it2)
to test string inclusion

SUBSTR(lit, start [,length]) extracta sub string
ENCODE FOR URI (Str) encodes a string as URI
UCASE (Str), LCASE (Str) uppercase and lowercase
STRLEN (Str) length of the string



Aggregates

group by + count, sum, min, max,
avg, group concat, or sample

ex. average scores, grouped by the subject, but
only where the mean is greater than 10

SELECT (AVG(?score) AS 7?average)
WHERE { 7?student score ?score
GROUP BY ?student

HAVING (AVG (?score) > 10)



question:

PREFIX ex: <http://www.exemple.abc#>
SELECT %“person

WHERE ({
?person rdf:type ?type
FILTER(! ( ?type = ex:Man ))



minus ¢

substract a pattern "

PREFIX ex: <http://www.exemple.abc#>
SELECT 7?person

WHERE {
{ ?x rdf:type ex:Person }

minus {?x rdf:type ex:Man}

}



not exist

check the absence of a pattern

PREFIX ex: <http://www.exemple.abc#>
SELECT %?person

WHERE {
?x ex:memberOf ?org

filter (not exists
{?y ex:memberOf <Hell>})



if... then... else

prefix foaf: <http://xmlns.com/foaf/0.1/>
select * where {
?xX foaf:name 7?name ; foaf:age ?age
filter (
if (langMatches( lang(?name), "FR"),
?7age>=18, age>=21) )



testavalueis in/not in alist

prefix foaf: <http://xmlns.com/foaf/0.1/>
select * where {
?x foaf:name ?n .

filter (?n in ("fabien", "olivier",
"catherine") )

5
-



values

pre-defined bindings

select 7person where {
?person name ?Yname
VALUES (?name)
{ "Peter" "Pedro" "Pierre" }

”

-



paths

> W * + —

sequence
alternative

one or several
Zero or several
optional
reverse
negation

{min,max} : length

prefix foaf: <http://xmlns.com/foaf/0.

select ?friends fab where

?x foaf:name "Fabien Gandon" ;

foaf:knows+ ?friends fab ;



select expression

select ?x (year(?date) as ?year)
where {
?X birthdate ?date .

J




subquery / nested query oyt

select ?name where {
{select (max(”2age) as ?max)
where { ?person age ?2age }
}
?senior age ?max

?senior name ?2name



construct RDF as result

PREFIX mit: <http://www.mit.edu#>
PREFIX corp: <http://mycorp.com/schema#>

CONSTRUCT
{ ?student rdf:type corp:FuturExecutive . }

WHERE
{ ?student rdf:type mit:Student . }




p,

free description .
PREFIX mit: <http://www.mit.edu#> m
DESCRIBE ?student |

{ ?student rdf:type mit:Student . }

or

DESCRIBE <..URI.>



SPARQL protocol

exchange queries and their
results through the web



What does this query mean?

PREFIX ex: <http://www.exemple.abc#>
SELECT 7?x
WHERE {
?x rdf:type ?type .
FILTER(! ( ?type = ex:Man ))
}
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e.g. DBpedia

SPARQL Explorer for http://dbpedia.org/sparq|

SPARQL:

FREFIX owl: <hoop://www.w3.oxg/2002/07/owll>

PREFIX xad: <hsop://www. w3.oxg/2001/X0I3chemald>

FPREFIX xdfs: <heosp://www.wi.org/2000/01/zdf~schenad>
FRETIX xdf: <hoop://www. w3 . oxg/l1999/02/22~zdE~syncax-ns$>
FREFIX foaf: <heosp://xmins.com/foaf/0.1/>

PRETIX dc: <heoep://purl.oxg/dc/elements/1.1/>

PREFIX : <heoep://dbpedia.org/rescurce/>

PREFIX dbpedial: <hsep://dbpedia.oxg/property/>

PREFIX dbpedia: <huep://dbpedia.org/>

PREFIX skos: <hotp://www.wi3. org/2004/02/skos/coxes>

Results: Browse v [ Go! ][ Reset ]

Powere0 3y Q0e7s X VIN080 310 2000




Test on DBpedia

e Connectto:

nttp://dbpedia.org/snorql/ or
nttp://fr.dbpedia.org/sparql or ...

nttp://wiki.dbpedia.org/Internationalization/Chapters

* Query:
SELECT * WHERE {
?x rdfs:label "Paris'"(@fr .
?X ?p ?v .
}
LIMIT 10


http://dbpedia.org/snorql/
http://fr.dbpedia.org/sparql
http://wiki.dbpedia.org/Internationalization/Chapters
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RDFS means RDF Schema



RDFS provides primitives to ##tite
lightweight ontologies



RDFS to define classes of resources
and organize their hierarchy

‘ Document ‘

A

‘ Report ‘




RDFS to define relations between
resources, their signature
and organize their hierarchy

‘ Creator ‘

‘author‘




|7h'YI vehicle

car(x)=vehicle(x)

O

car

Q)
™

Q)
-

FAO - R G =< G

mapping modulo an ontology



< rdfs Literal '
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t i i o rdfs:label
!
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,[ t - rdf-Property

(:Es:t?unatraintﬁ BSOUCE t t rdfs’isD efinedBy

m . rdfs:se eAlso
5
S
rdfs:subClassOf

rdfs:subPropertyOf ;

rdfs: ConstraintProperty

t

rdfs:ContainemMembershipPropety

rdfs:=subClas=s0f
rdf:type

=
t

an old schema of RDFS

W3C http://www.w3.0rg/TR/2000/CR-rdf-schema-20000327/



example of RDFS schema

<rdf:RDF xml:base ="http://inria.fr/2005/humans.rdfs"
xmlns:rdf ="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns ="http://www.w3.0rg/2000/01/rdf-schema#>

<Class rdf:ID="Man">
<subClassOf rdf:resource="#Person"/>
[<subClassOf rdf : resource="#Male" />
<label xml:lang="en">man</label>
<comment xml:lang="en">an adult male person</comment>
</Class>

<Man> a Class ; subClassOf <Person>, <Male>




example of RDFS properties

<rdf:RDF xml:base ="http://inria.fr/2005/humans.rdfs"
xmlns:rdf ="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns ="http://www.w3.0rg/2000/01/rdf-schema#>

<rdf :Property rdf:ID="hasMother">

<subPropertyOf rdf:resource="#hasParent"/>

<range rdf:resource="#Female"/>

<domain rdf:resource="#Human"/>

<label xml:lang="en">has for mother</label>

<comment xml:lang="en">to have for parent a female.
</comment>
</rdf:Property>

<hasMother> a rdf:Property ;
subPropertyOf <hasParent> ;
range <Female> ; domain <Human>




<rdf:RDF xmlns:rdf ="http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns="http://inria.fr/2005/humans.rdfs#"
xml :base=" http://inria.fr/2005/humans.rdfs-instances" >

<rdf:Description rdf:ID="Lucas">

<rdf: type
rdf :resource="http://inria.fr/2005/humans.rdfs#Man" />

<hasMother rdf:resource="#Laura"/>
</rdf :Description> ¢

<Man rdf:ID="Lucas'">
<hasMother rdf:resource="#Laura"/>

</Man> t

<Luca> a Man; hasMother <Laura> .

example of RDF using this schema



rdfs:label

a resource may have one or more labels in
one or more natural language

<rdf:Property rdf:ID='name'>

<rdfs:domain rdf:resource='Person'/>

<rdfs:range rdf:resource='&rdfs;Literal'/>
<rdfs:label xml:lang='fr'>nom</rdfs:label>
<rdfs:label xml:lang='fr'>nom de famille</rdfs:label>
<rdfs:label xml:lang='en'>name</rdfs:label>
</rdf:Property>

$

<name> a rdf:Property ;
range rdfs:Literal ; domain <Person> ;
label "nom"@fr, "nom de famille"@fr, "name'"(@en




rdfs:comment & rdfs:seeAlso

comments provide definitions and explanations in natural
language
<rdfs:Class rdf:about=‘'#Woman’>

<rdfs:subClassOf rdf:resource="#Person"/>

<rdfs:comment xml:lang=‘'‘fr’>une personne adulte du
sexe féminin</rdfs:comment>

<rdfs:comment xml:lang=‘en’>a female adult person
</rdfs:comment> ‘
</rdfs:Class>

<Woman> a rdfs:Class ; rdfs:subClassOf <Person> ;
rdfs:comment "adult femal person"(@en ;
rdfs:comment "une adulte de sexe féminin"Qfr

see also...

<rdfs:Class rdf:about=‘#Man’'>
<rdfs:seeAlso . rdf:resource="'#Woman’ />

</rdfs:Class> ‘

<Man> a rdfs:Class ; rdfs:seeAlso <Woman>




What are we defining here?

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@base <http://inria.fr/2005/humans.rdfs>
<B> rdfs:subClassOf <A> .

<C> rdfs:subClassOf <a> .

<P> rdfs:domain <B> ; rdfs:range <C> .



“CORESE/ KGRAM

!! = 0O X

| File Edit Engine Debug ?

Svlitem ] +

Loaded files: Debug Reload

_I_ugs:

resst...

|RDFS/Rule= : 0.00 =
|Load Triples : 488
Load Eelationa : 423
Load Concepta : 135

done.




& OWL provides additional
primitives for
heavyweight ontologies




(1)  union
(O#(Q) disjunction

“ @ intersection
(O algebraic properties @ complement
O = = O—>O restriction

OO q_’O"p O—>O cardinality
QX0 disjoint properties (O=O equivalence

g T enumeration
O~ @ qualified cardinality @ ,
1..1 (O1>18] value restrict.

(Os>(Q)individual prop. neg (36)  disjoint union




enumerated class b.cde

define a class by providing all its members

<owl:Class rdf:id="EyeColor">
<owl:oneOf rdf:parseType="Collection">
<owl:Thing rdf:ID="Blue"/>
<owl:Thing rdf:ID="Green"/>
<owl:Thing rdf:ID="Brown"/>

<owl:Thing rdf:ID="Black"/>
</owl:oneOf>
</owl:Class>

B
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classes defined by union ©©O

of other classes
<owl:Class>
<owl:unionOf rdf:parseType='"Collection">
<owl:Class rdf:about="#Person"/>
<owl:Class rdf:about="#Group"/>
</owl:unionOf>
</owl:Class>



classes defined by intersection@

of other classes

<owl:Class rdf:ID="Man">
<owl:intersectionOf rdf:parseType="Collection'">
<owl:Class rdf:about="#Male"/>
<owl:Class rdf:about="#Person"/>
</owl:intersectionOf>
</owl:Class>



complement and disjunction

complement class
<owl:Class rdf:ID="Male"> <:::::>

<owl:complementOf rdf:resource="#Female"/>
</owl:Class>

declare a disjunction OO0

<owl:Class rdf:ID="Square">
<owl:disjointWith rdf:resource="#Round"/>

</owl:Class>



restriction on all values 0

<owl:Class rdf:ID="Herbivore'">
<subClassOf rdf:resource="#Animal"/>
<subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#eats" />
<owl:allValuesFrom rdf:resource="#Plant" />
</owl:Restriction>
</subClassOf>
</owl:Class>



restriction on some values OL{)

<owl:Class rdf:ID="Sportive'">
4ow1:equivalentClasEb
<owl:Restriction>
<owl:onProperty rdf:resource="#hobby" />
<owl:someValuesFrom rdf:resource="#Sport" />
</owl:Restriction>
</owl:equivalentClass>
</owl:Class>




restriction to an exact value o440

<owl:Class rdf:ID="Bike">

|[<subClassOf> |
<owl:Restriction>
<owl:onProperty rdf:resource="#nbWheels" />
<owl:hasValue>2</owl :hasValue>
</owl:Restriction>

</subClassOf>

</owl:Class>




restriction on cardinality =

how many times a property is used for
a same subject but with different values

e Constraints: minimum, maximum, exact number

* Exemple
<owl:Class rdf:ID="Person'">
<subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#name" />
<owl:maxCardinality>1l</owl:maxCardinality>
</owl:Restriction>
</subClassOf>
</owl:Class>



types of properties

ObjectProperty are relations between resources only
e.g. hasParent(#thomas,#stephan)

e DatatypeProperty have a literal value possibly typed
ex:hasAge(#thomas,16”"xsd:int)

 AnnotationProperty areignored in inferences and used
for documentation and extensions



algebralc properties

* Symmetric property, xRy = yRx Q"’O
<owl:SymmetricProperty rdf:ID="hasSpouse" />

* Inverse property, xR,y < yR,X CK)
<rdf:Property rdf:ID="hasChild">

<owl:inverseOf rdf:resource="#hasParent"/>
</rdf:Property>

* Transitive property, xRy & yRz = xRz W

<owl:TransitiveProperty rdf:ID="hasAncestor" />

* Functional property, xRy & xRz = y=z O—>®
<owl:FunctionalProperty rdf:ID="hasMother" />
* |nverse functional property, xRy & zRy = x=z @—)O

<owl:InverseFunctionalProperty
rdf: ID="hasSocialSecurityNumber" />



equivalencies and alignment O=0O
e equivalent classes : owl:equivalentClass

* equivalent properties: owl:equivalentProperty
e identical or different resources:

owl :sameAs, owl:differentFrom



document the schemas

description of the ontology

B
owl:0ntology, owl:imports, owl:versionInfo,
owl:priorVersion, owl:backwardCompatibleWith,
owl:1incompatibleWith

\4

versions of classes and properties

owl :DeprecatedClass, owl:DeprecatedProperty



EL: large numbers of properties and/or classes
and polynomial time.

OWL profiles

QL: large volumes of instance data, and
conjunctive query answering using
conventional relational database in LOGSPACE

RL: scalable reasoning without sacrificing too
much expressive power using rule-based
reasoning in polynomial time



What are we defining here?

<A> owl:equivalentClass
[ owl:intersectionOf ( <B> <C> ) ]



)
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. Linked Open Vocabularies (LOV)
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Welcome to LOV, your entry point to the growing ecosystem of linked open vocabularies (RDFS or OWL ontologies) used
in the Linked Data Cloud. Here you will find vocabularies listed and individually described by metadata, classified by

vocabulary spaces, interlinked using the dedicated vocabulary VOAF.
You will enjoy querying the LOV dataset either at vocabulary level or at element level, exploring the vocabulary content S
using full-text faceted search, and finding metrics about the use of vocabularies in the Semantic Web.
Not finding your favourite one? Suggest a new vocabulary to add to LOV!
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@ Read more ... & Endpoint
Q Search
Metadata:
Property Value
Creator Bernard Vatant, Pierre-Yves Vandenbussche
Publisher Mondeca
SPARQL Endpoint hitp:/flov.okfn.org/endpoint/lov
RDF dump File hitp:/Mov.okfn.org/dataset/lov/lov.rdf
Last modified 2012-09-10
Status Work in progress R;
% Help us and suggest a new vocabulary |
Vocabulary spaces (285):

Classifying vocabularies is a brand new challenge for Library Science, and no existing classification scheme seems to fit the need so far, Unless

we missed something, and in that case we are open to suggestions from the librarian community.




VoID: describing RDF datasets/linksets

foaf:Document

Fi

apen search

™~

dctype:Dataset

~ property partition

A -
classes

distinct objects
number of entities

number of triples

number of broperties
class numberof documents
- — Data Dump
has ~ distinct subjects
~» | void:Dataset
void:DatasetDescription /___,_. \.\
e feature
-
URI space Target

rdfs:Class

rdfs:Literal

void:Linkset a link predicate

_—

T~
~.

, Subjects
Objects property
e —

xsd:integer

rdfs:Resource

-7
example resource

void:Technical
Feature

rdf:Property

@ void:class
4 [} void:subset
B void:propertyPartition
B void:classPartition
B voidiclasses
B void:dataDump
B void:distinctObjects
B veoid:distinctSubjects
B void:documents
B veoid:entities
B void:exampleResource
B void:feature
4 dct:isPartOf
B voidiinDataset
B veoidilinkPredicate
4 [ void:target
B void:subjectsTarget
@ void:objectsTarget
B void:openSearchDescription
@ void:properties
@ void:property
B voidirootResource
@ void:zparglEndpoint
B void:triples
B voidiuriLookupEndpoint
B void:uriRegexPattern
@ void:uriSpace

@ voidivocabulary



:DBpedia a void:Dataset;

void:sparglEndpoint <http://dbpedia.org/sparql>;

void: feature :RDFXML ;

void:subset :DBpedia2Geonames ;

volid:uriLookupEndpoint <tt://icokup.dbpedia.org/api/search. asmx/Keywordsearch? QueryString=> ;
dcterms:modified "2008-11-17"**xsd:date;

dcterms:title "DBPedia";

dcterms:description "RDF data extracted from Wikipedia";
dcterms:publisher :DBpedia community;

dcterms:license <http://creativecommons.org/licenses/by-sa/3.0/>;
dcterms:source <http://dbpedia.org/resource/Wikipedia>.

:Geonames a void:Dataset;

void:sparglEndpoint <http://geosparql.appspot.com/query>;
void:triples "107983838"**xsd:integer ;

dcterms:subject <http://dbpedia.org/resource/Location>

:DBpedia2Geonames a void:Linkset ;
void:linkPredicate owl:sameAs ;
void: target :DBpedia ;

void: target :Geonames . e.g. DBped|a dataSEt



DCAT: describing any dataset

foaf:Agent

dct:publisher

<— dct:publisher

e dcat:theme

skos:Concept

skos:inScheme

l

skos:ConceptScheme

.

dcat:themeTaxonomy

dcat:Catalog

dcat:d

dct:title
dct:description
dct:issued
dct:modified
dct:language
dct:license
dct:rights
dct:spatial
foaf:homepage

ataset

dctype:Dataset

/\

dcat:Dataset

dct:title
dct:description
dct:issued
dct:modified
dct:identifier
dcat:keyword
dct:language
dcat:contactPoint
dct:temporal
dct:spatial
dct:accrualPeriodicity
dcat:landingPage
A

dcat:Distribution

| dcat:distribution _,

dct:title
dct:description
dct:issued
dct:modified
dct:license
dct:rights
dcat:accessURL
dcat:downloadURL
dcat:mediaType
dct:format
dcat:byteSize

foaf:primaryTopic

dcat:CatalogRecord

dcatrrecord ——>

dct:title
dct:description
dct:issued
dct:modified




Data Cube: publish multi-dimensional
data (statistics)

ab component

| gb:DataStructureDefinition

3

b:C S ifi R g componemBEeguired © boolean
qb:Lomponentspecitication gb:componentAttachment . rdfs Class

| gocarder © xsdint
dgb:componentProperty (]—

| gb:dimension

gb:attribute

gb.componantProperty gb:measure

gb:concept

goslicellay
—
qoostructure
| ¥
gb:DataSet —ﬁ gb:SliceKey
. T
T qb.slli*e gb:sliceStructure
gk dataSet .
gb:Slice |

gb-observation

gb:Observation S

-
| 1

gb:observation

qb:ObservationGroup J

{%

Ii gb:ComponentProperty

!

L 2

s
.-'- '\\.‘.

gb:DimensionProperty

_gb:measureType

— gb:AttributeProperty

4}

qb:MeasureProperty

gb:CodedProperty

s ! gbcodeLlist

<<ynion==

qb:HierarchicalCodelList

qb:higrarchy& oot

qbparentChildProperty



CSV-LD & Linked CSV

* contexts to interpret and generate CSV
e conventions for CSV to be linked in RDF

x A-CREF-Stock repaired.xlsm - Microsoft Excel T
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Provenance: PROV-DM & PROV-0O

describe entities and activities
involved in providing a resource

wasDerivedFrom

Q

Entlty

wasGeneratedBy
used

Activity

wasAttributedTo

wasAssociatedWith




PROV-0O provenance ontology

=

actedOnBehalfOf

wasDerivedFrom

Entity
wasAttributedTo
< wasGeneratedBy

Agent used

wasAssociatedWith
Activity
startedAtTiV E ) \Iicledz—\ﬂ‘ime
xsd:dateTime wasInformedBy xsd:dateTime



PROV-0O provenance ontology

wasInfluencedBy /
xsd:dateTime wasQuotedFrom / xsd:dateTime
wasRevisionOf /
generatedAtTime hadPrimarySource invalidatedAtTime
xvalue O
Agent Entity alternateOf /
j specializationOf
Person Collection Bundle Plan

Organization
adMember wasInvalidated By
SoftwareAgent wasStartedBy /
wasEndedBy Locati()n

Activity atLocation




PROV-DM & PROV-O: primer example

ex:compose prov:used ex:dataSetl ;

prov:used ex:regionlList
ex:composition prov:wasGeneratedBy ex:compose
ex:1llustrate prov:used ex:composition
ex:chartl prov:wasGeneratedBy ex:1llustrate

ex:dataSet1

wasGeneratedB . ) wasGeneratedB
ex-compose 4 y ex:composition used | excillustrate < ! ex:chart

‘3&

ex:regionList



PROV primer full example

exb:quotelnBlog Entry-20130326
Blogger's provenance data

oit
redt’
wﬂﬁmﬂ
determs:title= == 7 exnearticle /
"Crime rises in cities™[ ~ ' -— Specia) Newspaper's provenance data
/ ) —_— ¥ ':'ahfaliumjf
specializationOf T
exnzarticleVi g— alternateOf T 7 exmarticleVe
h / .
. wasAssociatedWith
exgzedith wasDerivedFrom
—m— wasRevisionOf Government agency's
exg:instructions T T—
-~ : asGeneratedBy _ exg:dataSet2 provenance data
- used exg:correctl Was el = ==
: P - provistarted AtTime=2012-03-31Tog21:
exg:dataSet1 prov:ended AtTime=2012-04-01T15:21:00
exc:compilez

prov:generated At Time=

2012-03-02T10:30:00 )
used exc:compilel provigeneratedAtTime= ] ™
| EXC:comprled | WESGEHEFEEEHEF 2012-04-01T15:21:00
prov:hadRole= i wasGeneratedBy e used . wasGeneratedBy _ wasRevisionOf
exc:dataToCompose excrmmp-usella'. ; EXCICOMPOSIonT+ excrillustratel exc:charta 4
f o Listt *‘-ﬁﬁg prov:hadRole= wasAssociatedWith
! exc:composedData
pmv_'ha:dlinl:e= washssociatedWith | prov:hadRoles
excregionsToAggregateBy oo i
e excianalyst

1'Uﬂf:gi\'E[]NH.IIIE=E\ exc:derek
"Derek” actedOnBehalfOf

foaf:mbox= . ~—__.. ] foafiname=
"derek@example.org” || exc:chartgen| | "Chart Generators Inc”

exe:chartz

washttributedTo

Chart Generators' provenance data




le doggy-bag

de la présentation




identify URI
describe & link RDF
guery HTTP, SPARQL, LDP
reasoning RDFS & OWL

trace PROV-0O

GOALS ANPRIFARN



identify http://fabien.frtme
describe & link #me type man
query select * {?r type 7t}
reasoning man subClassOf male

trace wasAttributedTo #me

GOALS ANPRIFARN



W3C
N

Semantic
Web

Main Page
Recent changes
Tools

Books
Validators

¥ Other W3C resources

Activity news
Fublications
Logos, buttons
Activity home page

b W3C RSS feeds
b Account request
P Navigation

» Tools

& Login

Page Discussion Read View source View history |Search Q

Tools

Contents [hide]
1 Semantic Web Development Tools
1.1 Overview
1.2 Search possibilities
1.3 Last modified/added
1.4 Tool Data in RDF
1.5 Other resources
1.6 History

Semantic Web Development Tools

Overview

This Wiki contains a collection of tool references that can help in developing
Semantic Web applications. These include complete development
environments, editors, libraries or modules for various programming

Search for Tools

e Facets of tools

¢ through programming

languages

« through
Recommendations and
Technologies

s All tools (with possibilities to
edit the query)
e seen as a table &
e seen as a listéy
e Misc

¢ tool contributors’ page

languages, specialized browsers, etc. The goal is to list such tools and not Semantic Web applications in general

(the interested reader may consider looking at the W3C SW Use Case Collection &7 for those.)

The tool content of this wiki is still to be maintained by the community and not by the W3C staff. If you are

interested in adding to and/or modifying the relevant pages, please consult the separate Tool Contributors’ page.

http://www.w3.0rg/2001/sw/wiki/Tools



open your data
to those who could use them



66 FOAF primitives 3 475 908 348 references @

x 52 millions

=]

g
7

“a small tree ruling a big graph”®

(1) Franck Van Harmelen, ISWC 2011
(2) Libby Miller, 2009



))
“semantic W € b

and not

“semantiC wep’

“a lightweight ontology
allows us to do
lightweight reasoning”

[J. Hendler, ISWC 2007]
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he who controls metadata, controls the web
and through the world-wide web many things in our world.

fabien, gandon, @fabien_gandon, http://fabien.info
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