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Semantic Web Technologies
Part 1

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important
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Linked Data uses a small
selection of technologies
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La trahison des pommes (2011)
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Semiotic Triangle
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Ogden, Richards: Semiotic Triangle, 1923
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Semiotic Triangle
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Semiotic Triangle
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Names in the Web...

Unif orm

Resource
ldentifier
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o different types of resource
identifiers all constructed
according to a uniform
schema

o whatever may be identified
via URI

o to distinguish one resource
from another



Uniform Resource ldentifier ﬂ;‘gﬁﬁe,
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

1
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

= Resource can be every object with a clear identity (according to the
context of the application)

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

|
i

I

= Resource can be every object with a clear identity (according to the
context of the application)

0 as e.g., web pages, books, locations, persons, relations among
objects, abstract concepts, etc.
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

= Resource can be every object with a clear identity (according to the
context of the application)

0 as e.g., web pages, books, locations, persons, relations among
objects, abstract concepts, etc.

= [he concept of URI is already established in various domains, as e.g.,
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

= Resource can be every object with a clear identity (according to the
context of the application)

0 as e.g., web pages, books, locations, persons, relations among
objects, abstract concepts, etc.

= [he concept of URI is already established in various domains, as e.g.,
o the Web (URL),
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

= Resource can be every object with a clear identity (according to the
context of the application)

0 as e.g., web pages, books, locations, persons, relations among
objects, abstract concepts, etc.

= [he concept of URI is already established in various domains, as e.g.,
o the Web (URL),
o Books and publications (ISBN, ISSN),
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= A Uniform Resource Identifier (URI) defines a simple and extensible schema for
worldwide unigue identification of abstract or physical resources (RFC 3986).

= Resource can be every object with a clear identity (according to the
context of the application)

0 as e.g., web pages, books, locations, persons, relations among
objects, abstract concepts, etc.

= [he concept of URI is already established in various domains, as e.g.,
o the Web (URL),
o Books and publications (ISBN, ISSN),
o Digital Object Identifier (DOI)
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Resource

http://www.tour-eiffel. fr/index.htm f

represents :
Representation (stands for) >y P -
e T P00 oS
Metadata: b o fne
Content-type: text/html !
Data: /t‘.
<IDOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 - et AN ‘
Transitional//EN" "http://www.w3.org/TR/html4/loose.dtd"> ”.-i;;-“‘“-‘}_{.;‘
_ <html> ".::'(;,.Y;V:.»I';"":"; '”." %,
& <head> e '

<title>Le site officiel de la Tour Eiffel</title>

</html>
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Representation and
Presentation

13

Metadata:
Content-type: text/html .
- defines

Data:
<IDOCTYPE HTML PUBLIC "-//W3C//DTD

HTML 4.01 Transitional//EN"
"http:// www.w3.org/TR/html4/loose.dtd">

<html>

<head>
<title>Le site officiel de la Tour Eiffel</title>

Presentation

# RECHERCHER

oK
Contacts | rAQ | Pan

.......
.

e 4 Suiveg mot powsr P
- apprendre la Tour Eiffel ‘.‘.
S Lladadalll e yamusant | A

</html>

Representation

il ESPACE PROFESSIDNNE]
ESPACE EMPLOI

N . . ! f\:‘j-
SIENVENUE - WeLCOME 'y, ‘ B LT
“y | 4 4 v ' » Wit
R L WL ROMMER e
.~ S o

Lat
our Eiffel est ouverte tous les Jours de Sh 30 & 23h (de 9h & o de mi-juin "%
P A a0 0Ly,

A NF PAS MANQUER | »‘J\Jvl.»«;_"
c,,'u_,.'\."i_' DU TEMPS

ACHETEZ VOTRE BILLEY EN LIGNE

Bénéficloz du novweaw sarvica d’achat on ligne de
billots d'entrén A 1a tour Eiffel :

NSNS0 e our ot hoeyre de votre viste, payes -
neLre Slo sdou W, 1M e veus ‘

Bonoe visite ¢

m

-ngineering With Semantie\Welb Technologies , DrgHereld Sack’, Hasso-Plattner-Institut, Universitat'| -

<



Hasso

 Plattner
Inctitut

14 2ieia eiffelturm - Suchen
(A r)- (@) () () (L mip://search.conduit.com/Res 17 v | (Sf(
Le site officiel de la Tour Ciffel @ | | ciffelturm - Suchen 0 o+

\¢)\ eiffelturm Suchen
N Suche: () Das Web () Seiten auf Deutsch () Seiten aus Deutschiand

Web Biider Apps Vigeos Wetter Gruppen Menr v

Sponsocen-Links

Eiffelturm Eintritt
Stadtrundfahrt & Eiffelturm Besuch. Bestelien Sie jetzt Tickets online!
www.ParisKarten.de/Eiffelturm

Eiffel Turm
Ereben Sie das kulinarische Frankreich: Reisetipps & mehr!

ich-liobe-knese.do

Browser sends
Ergebrisse 1-10mc.a,.51.50-o fir @iffelturm (0.09 Sekunden) H-l—I—P RequeSt
Eiffelturm — Wikipedia

Der Eiffelturm (frz.: fa tour Effel [la tun £'fel]) ist ein Wahrzeschen der
franzos:schen Hauptstadt Paris und steht weltweit als Symbol fir ganz ..

fffff (SR tion wikipacia crghi/EXtetuurm - 65 - okt S GET http://www.tour—eiffel.fr/index.hfrﬁl HTTP/A.

ff .
In:w:\':n‘o::n rund um den Eiffelturm. ... Interessante Daten vom Eiffelturm H OSt WWW., tou r'elﬁ:el . fr
Bilder rund um den Eiffelturm - Die hochsten Wolkenkratzer der Weit ..

- Accept: text/html

hitp:/iwww eiffelturm.org/ - 24k - Ahnliche Se

| Le site officiel de la Tour Eiffel
Le site officiel de ta Tour Eiffel : 500 pages, 1 000 iilustrations, visiles
virtuelles & 360° et en 3D, vidéos du scintilement de Ia Tour Eiffel et du feu

htp'mww!ou -aiffel fr! - 10k - Ahr

User Cl ICKS | Praktische Hinweise fur den Zuqanq zum Eiffelturm
Die eventuelle Besichtigung der oberen Etagen des Eiffelturms solite
grundsatzlich vor den Mahizeiten oder dem Cocktail erfolgen, sodass das Anhalten

auf ...
http/iwww. tour-aiffel. friteiffel/multifde_htmi - 25k - Ahnicha Seiten

-ngineering With Semantie\Web Technologies , DrgHterald Sack', Hasso-Platther-Institut,, Universitat Potsdar
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HTTP Request/ Response Hasso
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Browser sends HTTP Request Web Server

processes request

GET http://www.tour-eiffel.fr/index.ntml HTTP/1.1
Host: www.tour-eiffel.fr
Accept: text/html

Browser interprets representation
and displays presentation Web Server sends HTTP Response

HTTP/1.1 200 OK
Content-Length: 3134

Web Server of
Content-Type: text/nhtml; charset=utf-8

www.tour-eiffel.fr

.........

<!DOCTYPE HTML PUBLIC "-//W3C//DTD
e L ya HTML 4.01 Transitional//EN"
e it st oo i o 4 20 6358 4055 ' "http://www.w3.0rg/TR/html4/loose.dtd">
é———m <html>
| <head>
<title>Le site officiel de la Tour Eiffel</title>

</html>

-ngineering With SemanticWeb Technologies , Dr.gHtarald Sack:, Hasso-Plattner-Institut, Univer Potsc
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The Eiffel Tower is described
(designated) by the web page
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René Magritte:
La trahison des images (1928)
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E~

o A resource can be described (designhated) via Metadata

o Even if the resource itself cannot be delivered from the web
server, probably its representation might be available that
describes the resource sufficiently.

e L L XY ¥ 3




Resource:
Eiffel Tower

l_-. -

http://www.tour-eiffel.fr/index.html
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identifies
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Representation
Metadata: describes {rrm——
Content-type: text/html : SO SR AN
Data: represents | (deSIgnateS 7 pama g
<IDOCTYPE HTML PUBLIC "-//W3C//DTD : 3
HTML 4.01 Transitional//EN" W‘é .
"http:// www.w3.org/TR/html4/loose.dtd"> ( tands 1o ) - I;ﬁslo_lyrce'
<html> Sla l X el fower
<head> = Infgilggtlon . | Metadata $¥OT
<title>Le site officiel de la Tour Eiffel</title> ) , Ty S
£ the Eiffel Tower ﬂ S e SRS
</html> ’ 3 &W'L- e ducistons A ot . ‘ ~i'\t“ !
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= URI| combines

o Address (Locator)

o Uniform Resource Locator (URL, RFC 1738)

0 denotes, where a resource can be found in the Web by stating its
primary access mechanism

0 might change during life cycle
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Uniform Resource ldentifier ﬂ

= URI| combines

o Address (Locator)

o Uniform Resource Locator (URL, RFC 1738)

0 denotes, where a resource can be found in the Web by stating its
primary access mechanism

0 might change during life cycle

o ldentity (Name)
o Uniform Resource Name (URN, RFC 2141)
o persistent identifier for a Welb resource
0 remains unchanged during life cycle
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= US-ASCII Encoding

= Percent Encoding for reserved characters, or characters that do not exist in US-ASCI
encoding existieren
pct-encoded = "%" HEXDIG HEXDIG

= Reserved characters with special function

reserved = gen-delims / sub-delims
gen_delims — II:II / II/II / II?II / II#II / II[II / II]II / II@“
SUb—delimS — II!II / II$II / II&II / mnin / II(II / II)II / %1 / II+II / II,II / II;II / II:II

= Permitted characters
unreserved = ALPHA /DIGIT/"*-"/""/" "/ "."

= Extension to Universal Character Code (Unicode/ISO 10646)

o Internationalized Resource |dentifier (IRl, RFC 3987)
e.g..

http:/bs.c.pa/g 33yl Shua= ik e =gi# 35

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI - Generic Syntax

URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

* ‘

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI - Generic Syntax

URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

I — R

= schema: e.g. http, ftp, malilto,...

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI - Generic Syntax

URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

T — .

= schema: e.g. http, ftp, malilto,...

= userinfo: e.g. username:passworad

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



URI - Generic Syntax ﬂ Hasso
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URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

T — B

= schema: e.g. http, ftp, malilto,...
= userinfo: e.g. username:passworad
= host: Domain-Name, IPv4/IPv6 Address

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

= schema: e.g. http, ftp, malilto,...

= userinfo: e.g. username:passworad

= host: Domain-Name, IPv4/IPv6 Address
= port: e.g. :80 for standard http port

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

= schema: e.g. http, ftp, malilto,...

= userinfo: e.g. username:passworad

= host: Domain-Name, IPv4/IPv6 Address
= port: e.g. :80 for standard http port

= path: path in file system of WW\W server

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



URI - Generic Syntax ﬂ Hasso
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URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

= schema: e.g. http, ftp, malilto,...

= userinfo: e.g. username:passworad

= host: Domain-Name, IPv4/IPv6 Address
= port: e.g. :80 for standard http port

= path: path in file system of WW\W server

= query. parameters to be passed over to applications

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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URI = schema"://"[userinfo"@"]host[:port][path]["?"query]["#"fragment]

= schema: e.g. http, ftp, malilto,...

= userinfo: e.g. username:password

= host: Domain-Name, IPv4/IPv6 Address

= port: e.g. :80 for standard http port

= path: path in file system of WW\W server

= query: parameters to be passed over to applications

= fragment: determines a specific fragment of a document

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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What if a URI for a resource does not exist?

= Define a URI by yourself:
o avoid overlaps —> use your own website

o enable documentation at the same place - Content Negotiation

= Use separate URIs for the resource (Designatum) and its documentation
(Designator) via

o Content Negotiation or

o URI references (i.e. via "#" fragment identifier)
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Content Negotiation

Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum
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Content Negotiation

Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP GET request P
Accept Header: text/html 7
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Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP GET request P
Accept Header: text/html 7

HTITP/ 1.1 303 See O her @

http://dbpedi a. org/ page/ Ei ffel Tower
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Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP GET request P
Accept Header: text/html 7

HTITP/ 1.1 303 See O her @

http://dbpedia.org/page/Eiffel_iEEéE::::::>

URI represents the Designator
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Content Negotiation

Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP GET request P
Accept Header: text/html 7

HTITP/ 1.1 303 See O her @

http://dbpedi a. org/ page/ Eiffel _

URI represents the Designator @

Tower

HITP GET request-
Accept Header: text/htm
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Content Negotiation ﬂ Hasso

Let's try an example:

= | want to have information about the Eiffel Tower from DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HITP GET request o
Accept Header: text/html 7~

HTITP/ 1.1 303 See O her @

http://dbpedi a. org/ page/ Ei ffel Tower

URI represents the Designator @

HT TP GET requestw
Accept Header: text/htmn HTML Document
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= | want to have machine readable information about the Eiffel Tower from

Let‘s try an example:

DBpedia

http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

- ! AN Aary _— ; o W iy A S| A o -
\l.‘ ,‘prlr\( [ " Al LG \/\/eh = v, (7 y L |_|a @ \’ f‘j\ 20V 1"_"\, ‘,(\)" lat ll ‘Jr‘ \"


http://dbpedia.org/resource/Eiffel_Tower
http://dbpedia.org/resource/Eiffel_Tower

Content Negotiation

Hasso

Plattner
Inctitnt

= | want to have machine readable information about the Eiffel Tower from

Let‘s try an example:

DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP CET request >
Accept Header: application/rdf+xn1/w’

- . L C - 7 l - “ o M il A ) At A, ~atit iF
gineering v emantic Web Te dgies , Dr. Harald Sack, Hasso-Plattner-Institut, Univ


http://dbpedia.org/resource/Eiffel_Tower
http://dbpedia.org/resource/Eiffel_Tower
http://dbpedia.org/resource/Eiffel_Tower

Content Negotiation

Hasso

Plattner
Inctitnt

Let‘s try an example:

= | want to have machine readable information about the Eiffel Tower from
DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP CET request >
Accept Header: application/rdf+xm /

HTTP/ 1.1 303 See O her @

http://dbpedi a. org/ page/ Ei ffel Tower
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= | want to have machine readable information about the Eiffel Tower from

Let‘s try an example:

DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP CET request >
Accept Header: application/rdf+xn1/w’

HTTP/ 1.1 303 See O her @

http://dbpedia.org/page/Eiffel_iEEéE::::::>

URI represents the Designator
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Let‘s try an example:

= | want to have machine readable information about the Eiffel Tower from
DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP CET request >
Accept Header: application/rdf+xn1/w’

HTTP/ 1.1 303 See O her @

http://dbpedi a. org/ page/ Eiffel _

URI represents the Designator @

Tower

HTTP. CET request
Accept Fbader appllcatlon/rdf+xn1
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Content Negotiation
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Let‘s try an example:

= | want to have machine readable information about the Eiffel Tower from
DBpedia

@ http://dbpedi a. org/ resour ce/ El f@

URI represents the Designatum

HTTP CET request P
Accept Header: application/rdf+xn1/v’

HTTP/ 1.1 303 See Ot her @ @

http://dbpedi a. org/ page/ Ei ffel Tower

URI represents the Designator @

HTTP. CET request
Accept Header: application/rdf +xn RDF Document
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Fragment ldentifier ﬂ Hasso

Let's try another example:

= | want to have machine readable information myself

e.g.: http://hpi.uni-potsdam.de/harald_foaf.rdf ——————=—»

e —

Designator

FOAF Document
with information
about me

identifies me

http://hpi.uni-potsdam.de/harald_foaf.rdffme
Designatum

-ngineering with Semantic Web Technologies , Dr..Harald Sack, Hasso-Plattner-Institut, Univer
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2. Semantic Web Technologies Hasso
Part 1 Plattner
Inctitnt

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important

Linked Data uses a small
selection of technologies
™~

|
) - ‘ss

-
~
e

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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... a simple example ! Plattner
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m How do | represent
,JHarald Sack has the phone number ++49 (3317) 5509-927* in XML?

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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... a simple example Plattner
Inctitnt

m How do | represent
,JHarald Sack has the phone number ++49 (3317) 5509-927* in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

e — S

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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Knowledge Representation m Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

T

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

L ——— e E———

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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Knowledge Representation ﬂ Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

S

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

EE——

<person name="Harald Sack™ phone="49 (331) 5509-927" />

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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Knowledge Representation ﬂ Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

<person name="Harald Sack™ phone="49 (331) 5509-927" />

IS there a unique (intuitive) way to model knowledge (in XML)?

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation
... with XML?
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m Successful communication requires translation from one XML serialization
(Schema A) to another XML serialization (Schema B)

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

XSLT Transformation
XML Schema A <xsl:stylesheet version="1.0"

xmlns:xsl="http://.... Transform"

</xsl:template>
</xsl:stylesheet>

XML Schema B

<person name="Harald Sack">

<phonenr>49 (331) 5509-927</phonenr>
</person>




Knowledge Representation

... a simple example
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m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack



Knowledge Representation

... a simple example

Hasso
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m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack
has the phone number
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Knowledge Representation

... a simple example

m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack
has the phone number
++49 (551) 5509-927
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... a simple example Plattner
Inctitnt

m How do | represent:
JHarald Sack has the phone number ++49 (331) 5509-927*

m Intuitive knowledge representation with directed graphs

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation m Hasso

... a simple example Plattner
Inctitnt

m How do | represent:
JHarald Sack has the phone number ++49 (331) 5509-927*

m Intuitive knowledge representation with directed graphs

Haral d Sack —— ———>»  ++49 (331) 5509-927
~— " has phone number > \( /

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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ool
Resource .
Description
Framework

Resource
m can be everything (in principle)...
m must be uniquely identified and be referencable
m...simply via URI



ol
Resource N
Description
Framework
Description

m = Descriptions of resources
m ...via representing properties and relationships among resources

m ...relationships can be represented as graphs



ool
Resource N
Description
FPramework
Framework

m = Combination of web based protocols (URI, HT TP, XML,...)
m based on formal model (semantics)

m defines all allowed relationships among resources



Resgource
Description
Pramework

Harald Sack
has phone number

++49 (531) 5509-927

m Knowledge in RDF is expressed as a list of statements

m all RDF statements follow the same simple schema

3 Hasso
b Plattner
Inctitnt
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Resgource
Description
Pramework

Harald Sack g ...

has phone number poperty

++49 (331) 5509-927,.



e
Resource i
Description
Framework
Harald Sack g, .. S URI

has phone numher Property ——> URI

++49 (551) 5509‘9270bject ———5 URI/Literal
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Framework

o Statements (RDF-Triple):
Subject  + Property +  Object / Value

URI URI URI / Literal
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Resgource
Description
Pramework

//_—i

Constituents of the RDF-Graph
e URI:

e t0 reference resources uniquely

http://harald.blogspot.iiii—”//
\
Object

http://harald.sack.de/foaf.rdf#harald<k'ﬁn-mw«ww{»
\ /

Subject

http://xmns.com foaf/0.1/ webl og
Property


http://hpi-web.de/HaraldSack#
http://hpi-web.de/HaraldSack#
http://swt1213.blogspot.co
http://swt1213.blogspot.co
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
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Resgource
Description
Pramework

//_—i

Constituents of the RDF-Graph

e Literals:

e describe data values that do not have a separate existence

e strings, interpretation via datatype

++49- 331- 5509- 927 J

http:// haral d. sack. de/ f oaf . rdf #haral d -«‘~~*'w*wm}¢
\ /
S O

http://xm ns. coni foaf/0.1/ phone
P
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http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
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S_Ms PFramework
Constituents of the RDF-Graph

e Literals:

e typed literals can be expressed via XML Schema datatypes
e Namespace for typed literals: htt p: // www. w3. or g/ 2001/ XM_Schema#

e Example: “ Semant i cs“ A" <htt p:// ww. W3. or g/ 2001/ XM_Schema#st ri ng>

e | anguage Tags denote the (natural) language of the text:

e Example: “Semanti k“ @e , “Senmantics“@n


http://www.w3c.org/2001/xml-schema#
http://www.w3c.org/2001/xml-schema#
http://www.w3.org/2001/XML
http://www.w3.org/2001/XML

Core types

IEEE floating-point
numbers

Time and date

Recurring and
partial dates

_ L_imited-rar!ge

:8tring

:boolean

tdecimal

sinteger

tdouble

rdateTime

rdateTimeStamp

tgYear

xE :QMO!“.L!‘.

:gqDay

tgYearMonth

i:gMonthDay

i:duration

svearMonthDuration

rdayTimeDuration

tbyvte

:short

xsd:

:1lnt

long

XS8d:

unsignedBvte

- ]
XSa:

unsignedShort

http://www.w3.0rg/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

Character strings

true, false

Arbitrary-precision decimal numbers
Arbitrary-size integer numbers

64-bit floating point numbers incl. zInf, £0, NaN
32-bit floating point numbers incl. xInf, £0, NaN
Dates (yyyy-mm-dd) with or without timezone
Times (hh:mm:ss.sss...) with or without timezone
Date and time with or without timezone

Date and time with required timezone

Gregorian calendar year

Gregorian calendar month

Gregorian calendar day of the month

Gregorian calendar year and month

Gregorian calendar month and day

Duration of time

Duration of time (months and years only)
Duration of time (days, hours, minutes, seconds only)
-128...+127 (8 bit)

-32768...+32767 (16 bit)
-2147483648...+2147483647 (32 bit)
-9223372036854775808...+9223372036854775807 (64 bit)
0...255 (8 bit)

0...65535 (16 bit)


http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes
http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

T s e ety e '%tctlp':dv:/\'/vt\fv'.\,v% ' o?gH‘ﬁ[édigWD-rdfll-concepts-20130115[#xsd-datatypes

xsd:duration Duration of time
xsd:yearMonthburation  Duration of time (months and years only)
xsd:dayTimeDuration Duration of time (days, hours, minutes, seconds only)
xsd:byte -128...+127 (8 bit)
xsd:short -32768...+32767 (16 bit)
xsd:int -2147483648...+2147483647 (32 bit)
xsd:long -9223372036854775808...+9223372036854775807 (64 bit)
xsd:unsignedByte 0...255 (8 bit)

Limited-range xsd:unsignedShort 0...65535 (16 bit)

integer numbers ..., n0icnearnt 0...4294967295 (32 bit)
xsd:unsignedLong 0...18446744073709551615 (64 bit)
xsd:positiveInteger Integer numbers >0
xsd:nonNegativeInteger [nteger numbers 20
xsd:negativeInteger Integer numbers <0
xsd:nonPositiveInteger Integer numbers <0
T T m—— xsd:hexBinary Hex-encoded binar.y data
xsd:base64Binary Baseb64-encoded binary data
xsd:anyURT Absolute or relative URIs and IRls
xsd:language Language tags per [BCP47]
_ xsd:normalizedString Whitespace-normalized strings

Ml;g%ll?;r:sus xsd:token Tokenized strings
xsd : NMTOKEN XML NMTOKENS
xsd:Name XML Names

xsd: NCName XML NCNames



http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes
http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

.
Resource .
Description
Framework

Constituents of the RDF-Graph
e Blank Nodes:

e denote existence of an individual with specific attributes, but without
providing an identification or reference

http://dbpedi a. or g/ ont ol ogy/ Per son

O

http://ww. wW3. org/ 1999/ 02/ 22-r df - synt ax- ns#t ype
P


http://dbpedia.org/ontology/Person
http://dbpedia.org/ontology/Person
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
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RDF Representations
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RDF Representations
* Node-Edge-Node Triple

Literal

_y ++49- 331-5509- 927 '
Resource

2 nhttp://haral d. bl ogspot . cond

http://xm ns. conl foaf/0.1/phone _

http:// haral d. sack. de/ f oaf . rdf #har al d <
\

Resource

http://xm ns. conf foaf/0. 1/ webl og


http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sw0910.blogspot.com
http://sw0910.blogspot.com
http://hpi-web.de/HaraldSack
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* N-Triples Notation

e URIs/IRIs in angle brackets
e Literals in quotation marks
* Triple ends with a period

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/phone> “+
+49-331-5509-927°.

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/weblog>
<http://harald.blogspot.com/> .
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* Turtle (Terse RDF Tripel Language) Notation
e extension of N-Triples

http:// haral d. sack. de/ f oaf . rdf #haral d

Resource

@prefix foaf: <http://xmins.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf>

<#harald> foaf.phone “++49-331-5509-927* .
<#harald> foaf:weblog <http://harald.blogspot.com/> .
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RDF Representations
e RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmlns.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf:phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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e JSON-LD Notation (RDF 1.1)

{
"http://harald.sack.de/foaf.rdf#harald" : {

"http://xmins.com/foaf/0.1/phone" : [ { "value" : "++49-331-5509-927",
"type" : "literal" } |

}
{
"http://xmins.com/foaf/0.1/weblog" : [ { "value" : "http://harald.blogspot.com/",
"type" : "uri" } |
}
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e JSON-LD Notation (RDF 1.1)

{
"http://harald.sack.de/foaf.rdf#harald" : {

"http://xmins.com/foaf/0.1/phone" : [ { "value" : "++49-331-5509-927",
"type" : "literal" } |

}
{
"http://xmins.com/foaf/0.1/weblog" : [ { "value" : "http://harald.blogspot.com/",
"type" : "uri" } |
}
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http:// haral d. sack. de/ f oaf . rdf #haral d

Resource

* Turtle (Terse RDF Tripel Language) Notation

@prefix foaf: <http://xmins.com/foaf/0.1/> .
@base <http://harald.sack.de/foaf.rdf>.

<#harald> foaf.phone "++49-331-5509-927" .
<#harald> foaf:weblog <http://harald.blogspot.com/>.

http://www.easyrdf.org/converter
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 Turtle (Terse RDF Tripel Language) Notation
e ...starting from N-Triples

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/phone> “+
+49-331-5509-527".

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/weblog> <http://
semweb2014.blogspot.com/> .
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Resource
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@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf.phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .
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http://xn ns. com f oaf / 0. 1/ webl og http:// haral d. bl ogspot . cont

( @prefixe directive associates prefix-label with IRl

@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf.phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .
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Resource

Resource

http://xn ns. com f oaf / 0. 1/ webl og http:// haral d. bl ogspot . cont

( @prefixe directive associates prefix-label with IRl

@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .

k usage of prefix label
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@prefix foaf: <http://xmIns.com/foaf/0.1/> .
@base <http://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .
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@base directive provides IRl to complement all relative IRIs

Resource

Rpefix foaf: <http://xmins.com/foaf/0.1/> .
@base <http://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .
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http://xm ns. coni f oaf/ 0. 1/ webl og http://haral d. bl ogspot. conf
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@base directive provides IRl to complement all relative IRIs

Resource

Rpefix foaf: <http://xmins.com/foaf/0.1/> .
@base <http://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .

&\ example for relative IRI in RDF
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http://haral d. sack. de/ f oaf . rdf #haral d

Resource

file http://haral d. sack. de/ f oaf. rdf
@prefix foaf: <http://xmIns.com/foaf/0.1/> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .
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http://haral d. sack. de/ f oaf . rdf #haral d

Resource

file http://haral d. sack. de/ f oaf. rdf
@prefix foaf. <http://xmins.com/foaf/0.1/> .

<#harald> foaf:phone “++49-331-5509-527* .
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> .

\ if there is no @base directive, relative URIs/IRIs will be

complemented by the document‘s own URI/IRI
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file http://haral d. sack. de/ f oaf. rdf

@prefix foaf. <http://xmins.com/foaf/0.1/> . >
<#harald> foaf:phone “++49-331-5509-527" . “‘
<#harald> foaf:weblog <http://semweb2014.blogspot.com/> . \

&\ if there is no @base directive, relative URIs/IRIs will be e

complemented by the document‘s own URI/IRI
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@prefix foaf. <http://xmins.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* ;
foaf:weblog <http://[semweb2014.blogspot.com/> .
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T~ S— Resource
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\ ‘——/

semicolon indicates that subsequent
triples have the same subject
(predicate list)

http://haral d. sack. de/ f oaf . rdf #haral d

Resource

@prefix foaf. <http://xmins.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* ;,
foaf:weblog <http://[semweb2014.blogspot.com/> .
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>y ++49-331-5509- 527 '
Resource

http://xm ns. coni f oaf/ 0. 1/ webl og http://haral d. bl ogspot. conf
\ ‘—__/

semicolon indicates that subsequent
triples have the same subject
(predicate list)

http://haral d. sack. de/ f oaf . rdf #haral d

Resource

@prefix foaf. <http://xmins.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf> .

<#harald> foaf:phone “++49-331-5509-527* ;,
foaf:weblog <http://[semweb2014.blogspot.com/> .

subject of subsequent triples can be left out
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foaf:weblog -

http://semweb2014. bl ogspot . con! )

http://haral d. sack. de/ f oaf . rdf #haral d << f oaf : webl og

Resource

http://semweb2013. bl ogspot. com 4
http://semeb2012. bl ogspot. com J

f oaf : webl "

@prefix foaf. <http://xmins.com/foaf/0.1/> .

<#harald> foaf:weblog <http://semweb2014.blogspot.com/>,
<http://[semweb2013.blogspot.com/>,

<http://semweb2012.blogspot.com/> .
file http://haral d. sack. de/ f oaf . r df
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foaf:weblog -

http://semeb2014. bl ogspot. com

http://haral d. sack. de/ f oaf . rdf #haral d << f oaf : webl og

Resource

http://semeb2013. bl ogspot. com 4

f oaf : webl "

http://semweb2012. bl ogspot . con

comma indicates that subsequent triples
have same subject and property (object list)

@prefix foaf. <http://xmins.com/foaf/0.1/> .

<#harald> foaf:weblog <http://semweb2014.blogspot.com/>,
<http://semweb2013.blogspot.com/> , &

<http://semweb2012.blogspot.com/> .
file http://haral d. sack. de/ f oaf . r df
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foaf:weblog -

http://semweb2014. bl ogspot . con!

http://haral d. sack. de/ foaf . rdf #haral d < f oaf : webl og

Resource

http://semweb2013. bl ogspot . con!

f oaf : webl "

A http://semweb2012. bl ogspot . con

comma indicates that subsequent triples
have same subject and property (object list)

@prefix foaf. <http://xmins.com/foaf/0.1/> .

<#harald> foaf:weblog <http://semweb2014.blogspot.com/> ,
<http://semweb2013.blogspot.com/> ,

<http://semweb2012.blogspot.com/> .
file http://haral d. sack. de/ f oaf . r df

' subject and property of subsequent triples are the same
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http://hpi-web. de/ Spri ngl4#KE

R Y — 4
http:// hpi -web. de/ Lect ur e#hour s J

 Typed Literals

@prefix lec: <http://hpi-web.de/Lecture#> .

<http://hpi.web.de/Springl4#KE>
lec:name “Knowledge Engineering“*<http://www.w3c.org/2001/XMLSchema#string> ;
lec:hours “4“ <nttp://www.w3c.org/2001/XMLSchema#integer> .
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http://hpi-web. de/ Spri ngl4#KE

R Y — 4
http:// hpi -web. de/ Lect ur e#hour s J

 Typed Literals

@prefix lec: <http://hpi-web.de/Lecture#> .

<http://hpi.v
lec:nar
lec:hot

@prefix Iv: <http://hpi-web.de/Lecture#> .

<http://hpi.web.de/Spring14#KE> lec:name “Semantic Web Technologies* ;

lec:hours 4 . "
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Multi Valued Relations and Blank Nodes

e Example:

* A lecture takes place twice a week in two different rooms
e How to model this in RDF?

http://hpi-web.de/Lecture#name

. Know edge
Engi neeri ng
htt p: // hpi - web. de/ Spri ngl4#KE 7
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Multi Valued Relations and Blank Nodes

e Example:
* A lecture takes place twice a week in two different rooms
e How to model this in RDF?

http://hpi-web.de/Lecture#name

. Know edge
‘“3’ Engi neeri ng

e — — p: [/ hp| -web. de/ Lect ur e#r oom

— }HSB’

\ http://hpi-web.de/ Lect ur e#tdat e

> Tue 13.30-15. 00
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Description Plattner
Framework

Multi Valued Relations and Blank Nodes

e Example:

* A lecture takes place twice a week in two different rooms
e How to model this in RDF?

http://hpi-web.de/Lecture#name

. Know edge
Engi neeri ng

~— Nt tp://hpi-web. de/ Lect ur e#r oom

~— }HSB’

http:// hpi -web. de/ Lect ur e#room

‘$‘\‘ htt p:// hpi -web. de/ Lect ur e#dat e D

™3>  Tue 13.30-15. 00 | - > HE 52)

”\x http://hpi -web. de/ Lect ur e#dat e

“2  \ed 13.30-15. 00
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Resou? ce. 4B Hasso
Description Plattner
Framework

Multi Valued Relations and Blank Nodes

e Example:

* A lecture takes place twice a week in two different rooms
e How to model this in RDF?

http://hpi-web.de/Lecture#name

. Know edge
Engi neeri ng

S ——— Nt p://hpi-web. de/ Lect ur e#r oom

—~— }HSB’

http:// hpi -web. de/ Lect ur e#room

‘“‘\‘ http:// hpi-web. de/ Lect ur e#dat e h

™3>  Tue 13.30-15. 00 | - > HE 52)

”\x http://hpi -web. de/ Lect ur e#dat e

> \Wwd 13 30- 15. 00 Problem: unique association
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Multi Valued Relations and Blank Nodes

* Example:
* A lecture takes place twice a week in two different rooms
e How to model this in RDF?

hpi -1 Vi NAME

. Know edge
> Engi neeri ng

hpi -1 v: room

http://hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

{hpi -1 v: takesPl ace

hpi -1 v:room

hpi -1 v: date
S HE 52 ] —> Tue 13.30-15.00 |
hpi -1 v: dat e

—~———» We&d 13. 30-15.00 ' @refix hpi-lv: <http://hpi-web. de/ Lecture#>
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Blank Nodes

e Blank Nodes (Bnodes) can be introduced to represend multi valued
relationships

e Blank Nodes can be introduced for resources that don‘t need a name

(auxiliary nodes)
- Know edge
“ Engi neeri ng

http://hpi-web. de/ Spri ngld#KE d
hpi -1 v:takesPl ace _
. hpi -1 v:room

hpi -1 v: dat e

) —» Tue 13.30-15.00

hpi -l v:nane e

/_./’A/

@refix hpi-lv: <http://hpi-web. de/ Lect ure#>
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e

Anonymous Blank Nodes

@prefix hpi-lv: <http://hpi-web.de/Lecture#> .

[ ] hpi-lv:date “Tue 13.30-15.00%
hpi-lv.iroom “HS3“ .

Hasso

Plattner
Inctitnt

hpi -1 v:room

hpi -1 v: date

s —>» Tue 13.30-15.00
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e

Anonymous Blank Nodes

@prefix hpi-lv: <http://hpi-web.de/Lecture#> .

| | hpi-lv:date “Tue 13.30-15.00%

QF"'\“’:room “HS3“ .
= anonymous blank node

Hasso

Plattner
Inctitnt

hpi -1 v:room

hpi -1 v: date

s —>» Tue 13.30-15.00
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e

Anonymous Blan k NOdes hpi -1 v: na e

| Know edge
> Engi neeri ng

hpi -1 v:room

hpi -1 v: date

—> Tue 13.30-15.00 |

http:// hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

@prefix hpi-lv: <http://npi-web.de/Lecture#>.

<http://hpi-web.de/Spring14#KE> hpi-lv.name "Knowledge Engineering";
hpi-lv:takesPlace |
hpi-lv.date "Tue 13.30-15.00",
hpi-lviroom "HS3" | .

http://www.easyrdf.org/converter



http://hpi-web.de/Lecture#
http://hpi-web.de/Lecture#
http://hpi-web.de/Spring14#KE
http://hpi-web.de/Spring14#KE
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://www.easyrdf.org/converter
http://www.easyrdf.org/converter

Resou?ce . 3140 Hasso
Description Plattner
Framework

/

Anonymous Blan k NOdes hpi -1 v: na e

| Know edge
> Engi neeri ng

hpi -1 v:room

hpi -1 v: date

—> Tue 13.30-15.00 |

http:// hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

@prefix hpi-lv: <http://npi-web.de/Lecture#>.

<http://hpi-web.de/Spring14#KE> hpi-lv.name "Knowledge Engineering";
hpi-lv:takesPlace |
hpi-lv.date "Tue 13.30-15.00",
hpi-lviroom "HS3" | .

http://www.easyrdf.org/converter k nested anonymous blank node
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Dereferencable Blank Nodes

hpi -1 v:name e

| Know edge
Engi neeri ng

hpi -1 v:room

hpi -1 v: date

~—3 Tue 13.30-15. 00 '

==

http:// hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

@prefix hpi-lv: <http://hpi-web.de/Lecture#>.

<http://hpi-web.de/Springl4#KE> hpi-lv.name "Knowledge Engineering";
hpi-lvitakesPlace :ID1.

_:ID1 hpi-lv:date "Tue 13.30-15.00";
hpi-lv.iroom "HS3" .

http://lwww.easyrdf.org/converter
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Dereferencable Blank Nodes

hpi-lv:nane e

| Know edge
Engi neeri ng

hpi -1 v:room

hpi -1 v: date

~—3 Tue 13.30-15. 00 '

==

http:// hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

@prefix hpi-lv: <http://hpi-web.de/Lecture#>.

<http://hpi-web.de/Springl4#KE> hpi-lv.name "Knowledge Engineering";
hpi-lvitakesPlace :ID1 .

_:ID1 hpi-lv:date "Tue 13.30-15.00"; ’\
AREREIONT - s — dereferencable blank node

http://lwww.easyrdf.org/converter
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Dereferencable Blank Nodes

hpi-lv:nane e

| Know edge
Engi neeri ng

hpi -1 v:room

hpi -1 v: date

~—3 Tue 13.30-15. 00 '

==

http:// hpi-web. de/ Spri ngl4#KE

hpi -1 v: t akesPl ace

@prefix hpi-lv: <http://hpi-web.de/Lecture#>.

<http://hpi-web.de/Springl4#KE> hpi-lv.name "Knowledge Engineering";
hpi-lvitakesPlace :ID1 .

_:ID1 hpi-lv:date "Tue 13.30-15.00"; ’\
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Resource

o o 48 Hasso
Description 8 Plattner
Framework

%
Lists

e General Data structure to enumerate any resources or literals
e Only shortcuts, no additional semantic expressivity

e Distinguish between

e Container
open list, i.e. extension (new entries) possible

e Collections
closed list, I.e. no extension possible
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RDF Container

Hasso

Plattner
Inctitut

, http://hpi-web. de/ Spri ngl4d#KE
T — ___-—“ rdf: 1 |
: = > http://hpi-web. de/ Burger Anton
\ hpi-Iv:hasParticipants £
- > http://hpi-web. de/ Miel | erFranz 4
rdf: 3 \
_— )> http://hpi-web. de/ Schni dt Joseph 4
rdf: 4 X
\ —————%  http://hpi-veb. de/ Schul zeEgon
~  rdf:Seq )
@refix hpi-lv: <http://hpi-web. de/Lecture#> .
@refix rdf: http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#> .


http://hpi-web.de/semanticweb/
http://hpi-web.de/semanticweb/
http://hpi-web.de/LehrVeranstaltung#
http://hpi-web.de/LehrVeranstaltung#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
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Description
Framework w//hpi-wcb.de/Springl4i&

L4l Hasso
' Plattner
Inctitnt

) hetp: //hpl-wed. de/BurgerAnton
et /

p—
RDF-Container 9

e the root node of the container is <
assigned a container-typ via rdf:type
e rdf:Bag
unordered set of elements,
there Is no given order of elements

npi-ly:hasParticipants

) htep://hpl-web. de/NuellesFrans
AL /

) http://hpi-web.de/SchaidtJoseph
\ ,‘/

I

) http://hpi-web.de/Schulze
\

gon

P

; rdf:Seq J

e rdf:Seq
ordered set of elements,

o rdf:Alt
defines alternatives of elements
only one element of the given alternatives is relevant for the application
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RDF Container

e — _/

http://hpi-web.de/SchnidtJoseph

.\ “/

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix lv: <http://hpi-web.de/Lecture#> .
@base <http://hpi-web.de/>.

<Spring1l4#KE> |v:hasParticipants |
a rdf:Seq;
rdf:_1 <BurgerAnton>;
rdf:_2 <MuellerFranz>;
rdf:_3 <SchmidtJoseph>;
rdf:_4 <SchulzeEgon>

http://www.easyrdf.org/converter
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- 7 @prefix hpi-lv: <http://hpi-web.de/Lecture#> .
0 @prefix rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
RDF-Collection

http://hpi-web. de/ Springl4#KE 4

| v: hasPartici pants rdf: first

> http:// hpi -web. de/ Bur ger Ant on '
*>; http:// hpi -web. de/ Muel | er Fr anz )
) ht t p: / / hpi - web. de/ Schri dt Joseph
) http:// hpi -web. de/ Schul zeEgon )

rdf:rest | rdf:first

rdf:rest § rdf:first

df : r est
i \ Crdf:first

rdf : rest f

4 rdfinil

List is splitted recursively in Head (first) and Tail (rest).

Institut, Universitat Potsdam
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- 7 @prefix hpi-lv: <http://hpi-web.de/Lecture#> .
0 @prefix rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
RDF-Collection

http://hpi-web. de/ Springld#KE 4 Head

| vihasParticipants rdf:first ,\
> http://hpi - web. de/ Bur ger Anton
¢> http://hpi-web. de/ Muel | er Franz )

) ht t p: // hpi - web. de/ Schmi dt Joseph
) http:// hpi -web. de/ Schul zeEgon )

rdf:rest | rdf:first

rdf:rest § rdf:first

df : r est
i \ Crdf:first

rdf : rest f

4 rdfinil

List is splitted recursively in Head (first) and Tail (rest).

Institut, Universitat Potsdam
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- 7 @prefix hpi-lv: <http://hpi-web.de/Lecture#> .
0 @prefix rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
RDF-Collection

http:// hpi-web. de/ Spri ngl4#KE
7 P P pring o Head
\ | v:hasParticipants e \
> http:// hpi -web. de/ Bur ger Ant on '
- d,f ,: i r_St *> http:// hpi -web. de/ Muel | er Fr anz '
rdf:first \ _
- = ) ht t p: / / hpi - web. de/ Schri dt Joseph
) http:// hpi -web. de/ Schul zeEgon )
rdf:rest [

4 gfonil
S — Tail

List is splitted recursively in Head (first) and Tail (rest).

Institut, Universitat Potsdam

rdf:restf

rdf:rest {

rdf:restﬂ
7rdf:first
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- 7 @prefix hpi-lv: <http://hpi-web.de/Lecture#> .
0 @prefix rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
RDF-Collection

http://hpi-web. de/ Springl4#KE 4

| v: hasPartici pants rdf:first

> http:// hpi -web. de/ Bur ger Ant on '
*>; http:// hpi -web. de/ Muel | er Fr anz )
) ht t p: / / hpi - web. de/ Schri dt Joseph
) http:// hpi -web. de/ Schul zeEgon )

rdf : r est rdf:first

rdf:rest § rdf:first

df : r est
i \ Crdf:first

rdf : rest f

4 rdfinil

List is splitted recursively in Head (first) and Tail (rest).

Institut, Universitat Potsdam
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: s L4l Hasso
Inctitnt
Framework w://hpi-web.dc/Spriancm‘E/
/— Q | | e ) &bpx—wcb.do/&umcrw
z R snemey xdf:Licas > ht.tp://hpi-wb.de/MuelletFtD
RDF-Collection Y BaR e
- > mnpx-.wo,b.dc.:/Sch.mxdtJow
NS rAL  LaK8 ) M,_\Wnp;-web.de/Scnulzisqy
rdf:nil )

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix lv: <http://hpi-web.de/Lecture#> .
@base <http://hpi-web.de/>.
<Sprintl4#KE> Iv:hasParticipant [

rdf:first <BurgerAnton>; rdf:rest [

rdf:first <MuellerFranz>; rdf:rest |

rdf:first <SchmidtJoseph>; rdf.rest |

rdf:first <SchulzeEgon>;

rdf:rest rdf:nil
1111.

BT http://www.easyrdf.org/converter
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(__— — nttp://bpi-web.d6/BUurgersi,.
\ —
A Ay Bl Ca . e L
i ——— -~ , http://hpi-web.de/MuellerFran.
o > \
RDF-Collection =
R xdf:tixs
ot S—— http://hpi-web.de/SchmidtJosepn
\ —
Tar:xest
rdi ~

~»  http://bpi-web.de/SchulzeEgo

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix lv: <http://hpi-web.de/Lecture#> .
@base <http://hpi-web.de/>.

<Springl4#KE> lv:hasParticipant (<BurgerAnton> <MuellerFranz>
<SchmidtJoseph> <SchulzeEgon>).

- Universitat Potsdar http://www.easyrdf.org/converter
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»My dear Watson,
...I' suppose that it was the

Gardener who has killed
the Butler!™
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RDF-Reification

e RDF permits interleaving of statements, i.e. to make statements about
statements

e Example:

* Sherlock Holmes supposes that the Gardener has killed the Butler
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RDF-Reification

e RDF permits interleaving of statements, i.e. to make statements about
statements

e Example:

* Sherlock Holmes supposes that the Gardener has killed the Butler

ePart 1: The Gardener has killed the Butler

exVv: Gardener exv:hasKilled exv:Butler .
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RDF-Reification

e RDF permits interleaving of statements, i.e. to make statements about
statements

e Example:

* Sherlock Holmes supposes that the Gardener has killed the Butler

ePart 1: The Gardener has killed the Butler
exv: Gardener exv:hasKilled exv:Butler .

ePart 2. Sherlock Holmes supposes....

exVv: Sher |l ockHol nes exv:supposes 7?7?77 .
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e

RDF-Reification

e rdf:Statement
defines an RDF Statement, consisting of Subject, Predicate and Object

e rdf:subject - the described resource
o rdf:predicate - the original property
e rdf.:object - the value of the property

The Gardener has killed the Butler
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RDF-Reification

e rdf:Statement
defines an RDF Statement, consisting of Subject, Predicate and Object

e rdf:subject - the described resource
e rdf.predicate - the original property
e rdf.:object - the value of the property

The Gardener has killed the Butler
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RDF-Reification
e rdf:Statement
defines an RDF Statement, consisting of Subject, Predicate and Object
e rdf:subject - the described resource
e rdf.predicate - the original property
e rdf.:object - the value of the property
\ . rdf:Statement

rdf:subject rdf.predicate rdf.object
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Sherlock Holmes supposes that the Gardener has killed the Butler

: i _—Yy Grdener
~_:Sherl ockHol nes el _. > —
. supposes 7 i ‘\ ‘hasKilled 4
-~ rdf:predicate

- St at enent OnGar dener = —— == ) - But | er )
\___/ rdf : obj ect

@refix rdf: <http://ww. w3.org/ 1999/ 02/ 22-rdf - synt ax- ns#> .
@refix : <http://exanple.org/ Crinestories#> .


http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://example.org
http://example.org

Resource
Description
Pramework

rdf: subject __.—p _:Gardener 4
P e —>»  :hasKill ed )
\ TN df predi cate

- St at enent OnGar dener = et i > : But | er )
\__/ r df : obj ect

@refix rdf: <http://ww. w3. org/ 1999/ 02/ 22-rdf - synt ax- ns#> .
@refix : <http://exanple.org/ Crinmestories#> .

: Sher | ockHol nes

: supposes

. Sher | ockHol nes : supposes : St at enent OnGar dener
. St at enent OnGar dener a rdf: Statenent

rdf : subj ect : Grdener ;

rdf : predicate :hasKilled ;

rdf : object :Butler
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RDF-Reification

* |s Reification really necessary”?
* Modeling data provenance

e Formalizing statements about Reliability (Trust)

e Definition of Metadata about Statements (Assertions, Statements)

e for (general) knowledge representation (Ontologie Construction):

e Transformation of Relations into Classes

* But be careful: Reification causes type conflicts
(classes, individuals, statements)
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Framework
RDF Vocabulary

RDPF Container rdf:List rdf:nil rdf:first rdf:rest
RDF Collection rdf:Seq rdf:Bag rdf: Alt rdf: 1 rdf: 2 ...
RDPF Reification rdf: Statenment rdf:subject rdf:predicate rdf: object

rdf : type rdf: Property rdf: XM.Literal
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RDF and Data Integration Hasso
Plattner
Inctitnt
Simple Example: Bibliography Database
ID Author Title Publisher Year
ISBN 0-00-651409-X HS-123 WWW S-001 2004
ID Name Homepage
HS-123 Harald Sack http://hpi-web.de/HaraldSack.html
ID Publisher Location
S-001 Springer Heidelberg



http://hpi-web.de/HaraldSack.html
http://hpi-web.de/HaraldSack.html

RDF and Data Integration Hasso
Plattner
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e Database export into a set of relations
a:publishername > Springer '
| /"> Heidelberg '
a:publisherlocation
_ a:title
a:publisher g WWwWWwW
ISBN 0-00-651409-X
, Yy, 2004
a:author f /
a:authorname Harald Sack '
‘ > http://hpi-web.de/HaraldSack.html
) a:authorhomepage
<nowledge Engineering with Semantic Web Techn Hasso-Plattner-Institut, Universit dam


http://hpi-web.de/HaraldSack.html
http://hpi-web.de/HaraldSack.html

RDF and Data Integration

u:name

/ Harald Sack '

a:publishername

» Springer '
| /‘% Heidelberg '

a:publisherlocation

ISBN 0-00-651409-X |
a:publisher

ISBN 0-00-651409-X

Harald Sack '

a:author /

http://.../paper

a:authorname -

. u:title

Very important paper ' ) a:authorhomepage

nowled ngineering with Semantic Web Techn Hasso-Plattner-Institut, Uniy

Hasso

Plattner
Inctitut

WWW

> http://hpi-web.de/HaraldSack.html

dam
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» Harald Sack '
K;name , :
' a:publishername Springer '
» Heidelberg '
a:publisherlocation
ISBN 0-00-651409-X a:title
i~ a:publisher - WWW

ISBN 0-00-651409-X

2004 '
Harald Sack '

/% http://hpi-web.de/HaraldSack.htm! _4

Very important paper ' ) a:authorhomepage

wled ngineering with Semantic Web Techn Hasso-Plattner-Institut, Universit dam

a:author/

http://.../paper a:authorname

‘ u:title
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RDF and Data Integration

w Harald Sack ' Springer '
u:name
| Heidelberg '

a:publisherlocation

u:author

u:cite{

http://.../paper

| a:publisher WWW

, a.year
_— A , ) 2004 '
‘ Harald Sack '

| /”) http://hpi-web.de/HaraldSack.html _4
Very important paper
J \) a:authornomepage

ISBN 0-00-651409-X

a:authorname .

a:authory\,

nowled ngineering with Semantic Web Techn Hasso-Plattner-Institut, Universit dam
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PEFINE RDF SCHEMATA FOR
CLASSES AND RELATIONS 7!
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RDF

pfrzls:12345675576132x1

pfrzlsfds32x182

> pfrzls: 432157x6 )
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RDF

pfrzls: 12345675576132x1

—) pfrzls: 432157x6 )

pfrzlsfds32x182

FProbably we need a little
bit more to make something
out of it....
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07 How to represent more complicated models? - RDFS

Open HPI - Course: Knowledge Engineering with Semantic Web Technologies
Lecture 2: Semantic Web Technologies Part |

SO ... WE NEED A WAY TO
PEFINE RDF SCHEMATA FOR
CLASSES AND RELATIONS 7!
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2. Semantic Web Technologies
Part 1

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important

Linked Data uses a small
selection of technologies
™~

. >

-
~
e
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* An application program can define and use RDF data
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e ....If the application program knows, which terms and classes to use, as e.g.

* An application program can define and use RDF data
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* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.
°*name, title, year, ...
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Why RDFSchema...?

* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
*name, blog, phone number...
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Why RDFSchema...?

* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...
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Why RDFSchema...?

* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...
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Why RDFSchema...?

* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...

e Are all terms known?
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* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...

e Are all terms known?
e Are all terms correct?
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e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...

* An application program can define and use RDF data

* Are all terms known?
* Are all terms correct?
* Are there (logical) relations among the terms®?
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Why RDFSchema...?

* An application program can define and use RDF data

e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...

* Are all terms known?
* Are all terms correct?
* Are there (logical) relations among the terms®?

* \We need a language for data definition: RDF Schema
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e ....If the application program knows, which terms and classes to use, as e.g.

°*name, title, year, ...
°*name, blog, phone number...
e author, cites, ...

Why RDFSchema...?

* An application program can define and use RDF data

* Are all terms known?
* Are all terms correct?
* Are there (logical) relations among the terms®?

* \We need a language for data definition: RDF Schema

e officially called “RDF Vocabulary Description Language”
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eClass instantiation in RDF via <r df : t ype>

e RDFSchema allows:

e Definition of classes

e Definition of properties and restrictions
e Definition of hierarchies
eSubclasses and superclasses
eSubproperties and superproperties
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Vocabulary ﬂ vl
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e Classes

e rdf s: Cl ass

Concept of a class, defines an abstract object and is applied (with rdf:type)
to create instances

e rdf : Property
Base class for properties

e rdf s: Literal
Class for literals

e rdf s: Resource
every entity of an RDF model is instance of this class

e and additionally
rdf s: Dat atype, rdf: XM.Literal, rdfs: Contal ner,
rdf s: Cont al ner Menber shi pProperty

Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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rdf s: subC assOf

rdf s: Property d4f s O
rdf s: C ass

Lecture )
| SManagedBy -

RDFS

exv: Spri ngl4#KE —— - — )> exv: Har al dSack )]
S — / exv: i sManagedBy


http://hpi-web.de/semanticweb/
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WiCws [11:F] Vocabulary Wﬁgﬁﬁe,
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12

® Properties
e rdf s: subC assOr

transitive property to define inheritance hierarchies for classes

o rdf s: subPropertyO
transitive property to define inheritance hierarchies for properties

e rdf s: domai n
defines the domain of a property concerning a class

e rdf s: range
defines range of a property concerning a class

Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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rdf s: C ass

rdf s: Propert

» rdf:type rdf: type
cl ass

rdf s: domai n property
N | SManagedBy SR
rdf s:range” 2

A

subd ass()c

subd assof / subCl assOf

cl ass isubd assOf

cl ass

Lect ure :
Seni or Resear cher

RDFS

exv: Spri ngl4#KE "exWistuwed&/‘ )> exv: Har al dSack )
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t

(t \~Lfif;fiiii—:{i::;::;; rdf s: Resource

S — subcl ass rel ati on
t — Instance rel ati on
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rdf s: Resour ce

rdf s: Literal

S — subcl ass rel ati on
t — Instance rel ati on
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(tA rdf s: d ass ‘k/#—~§\$‘ rdf s: Resour ce

rdf s: Literal

> rdf : Property )

S — subcl ass rel ati on
t — Instance rel ati on

Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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rdf s: range ) rdf s: domai n ) \  rdfs:subd assOf )
s — subclass relation rdf s: subPropertyX
t — instance relation \_/

Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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RDF(S) Knowledge Base ﬂ

T-Box

Terminologcal Knowledge
Per son

i subCl assOf
rdf s: domai n

rdf s: range

{ | S managed by 3=

rdf s: subd assOf 4

rdf s: subd assOf,
r bubCl assOf

Lecture :
Seni or Resear cher

exv: Spri ngl4#KE e — exv: Har al dSack )
S — / exv: i sManagedBy
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WaCus LI Example

L —
.

@prefix rdf: <http://ww. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#> . Turtle
@refix rdfs: <http://ww. w3. org/ 2000/ 01/ rdf - schema#> .
@refix : <http://exanpl e.org/>.

. Lecture a rdfs: d ass;
rdf s: subCl assOF : Cour se.
:Sem nar a rdfs: d ass ;
rdf s: subCd assO : Cour se.

: Person a rdfs: Cl ass .

:Staff a rdfs: d ass ;
rdf s: subC assOF : Person .

: Seni or Researcher a rdfs: C ass ;
rdf s: subCl assOF : St af f

. Professor a rdfs: Cl ass ;
rdf s: subCl assOF : Staff.

.1 sManagedBy a rdf: Property ;

5 rdf s: domai n : Course ;

sc rdf s:range : Staff

F , <Springld#KE> a :Lecture .

A

: Har al dSack a : Seni or Resear cher .
\ <Spri ngl4#KE> :i sManagedBy : Har al dSack .

O —

T http//lwww.easyrdf.org/converter
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* RDFSchema defines a data model for the definition of simple
ontologies (knowledge representations).

* \VVia RDFSchema ontologies RDF statements (facts) can be
expressed

* More t
* (smal

nan XML

) ontological agreement about modelling primitives

* Possibility to define own vocabularies
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How much knowledge
(semantics) is there in RDF(S)

rdf s: Cl ass rdf s: C ass

rdf s: Property

W_ exVv:t akesP| ace H exv: Event )
A A -

o et '/”rdf:type

exv: Knowl edgeEngi neeri ng '
~. €xv:takes Place
of exv: hasRoom

exv: hasDat e

> Tue 13. 30-15. 00 '

\ exVv: hasNane

., Know edge
Engi neeri ng
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How much knowledge
(semantics) is there in RDF(S)

rdf s: Cl ass rdf s: C ass

rdf s: Property
W— exVv:takesPl| ace H exVv: Event ’

=//rdf:type

- takes Pl ace gy
2 exv: hasRoom

exv: hasDat e

> Tue 13.30-15.00 ’

., Know edge
Engi neeri ng
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rdf s: Cl ass rdf s: C ass

rdf s: Property
w———- exv:takesPl ace I—-—c——) exv: Event )

" rdf:type

- takes Pl ace gy
exv: hasRoom

N~ Know edge '
, Engi neeri ng \) exv: hasDat e
Tue 13. 30-15. 00

* The semantics of a term from an RDF(S) ontology is given in
terms of its properties and its values (instances)

Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Uni at Potsdam
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What conclusions can we
deduce with RDF(S)?

rdf s: d ass rdf s: d ass

rdf s: Property

Wé—-" exv:takesPl ace = > w

rdf s: donai n A rdfs:range

exv: Knowl edgeEngi neeri ng ﬁm___ﬂn_m_____mgﬁﬂ§> )
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What conclusions can we
deduce with RDF(S)?

rdf s: d ass rdf s: d ass

rdf s: Property

&—— exv:t akesPl ace H w

rdf s: domai n , rdf s: range

exvVv: Lecture

exv: Knowl edgeEngi neeri ng - ), )
\__—/ exv:takes pl ace

e Deduction of entity class membership from the domain of
one of its properties
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What conclusions can we
deduce with RDF(S)?

rdf s: d ass rdf s: d ass

rdf s: Property

&—— exv:t akesPl ace |-

rdf s: donai n A rdfs:range

exVv: Lect ure exv: eEvent

rdf:type

exv: Know edgeEngi neeri ng ﬁn——ﬂwnuﬂ-—-u—wﬁwﬂ§> )
e exv:takes pl ace

* Deduction of entity class membership from the range of
one of its properties
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What conclusions can we
deduce with RDF(S)?

rdf s: C ass

exVv: Cour se )

rdf s: subCl assCf
rdf s: C ass rdf s: d ass

rdf s: Property

&—— exv:takesPl ace f——>

rdf s: domai n A rdf s: range

exvVv: Lect ure exv: Event

rdf:type

exv: Knowl edgeEngi neeri ng e ———— e )
T —————————————— exVv: takesPl ace
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What conclusions can we
deduce with RDF(S)?

rdf s: C ass

exVv: Cour se

ﬁdfs: subd assOf
{ rdf:type o
,/ rdf s: C ass rdfs: d ass

rdf s: Property

&—— exv:takesPl ace |-

rdf s: domai n A rdf s: range

exVv: Lect ure exv: Event

rdf:type

% exv: Knowl edgeEngi neeri ng e ——— )
exv:takesPl ace

e Deduction of entity superclass membership from
a class hierarchy.
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What conclusions can we
deduce with RDF(S)?

rdf s: d ass _ rdf s: d ass
rdf s:domain ydfs: property rdf s: range
wé__.__ exv' i sParent f exv: Person )
_ rdf s: subPropertyO
rdfs: C ass rdfs:PropertyJT\ rdf s: d ass

df s: domai n N rdf s: range

r

rdf:type rdf: type

T — u >> exVv: Bob 4
exv: i sMot her O

exv: All ce
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What conclusions can we
deduce with RDF(S)?

rdf s: Property

w%ﬂ_ exv' i sParent = f exv: Person )

rdf s: subPropertyO
rdf s: Property

rdf s: d ass

rdf s: C ass rdf s: ¢ ass

rdf:type
rdf . type

exv: Alice e e }b exVv: Bob
exv: i sMot her Of \_/

exv:Alice

e ————— » >> exv: Bob )
exv:i sParent O

e Deduction of new facts from subproperty relationships
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