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The Original Vision

« Berners-Lee, Hendler,
Lassila: The Semantic
Web, Scientific
American, May 17th
2001

e Cited (and abused)
extensively In literature
and science marketing
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Key ldeas

 Smart Devices
* Personal Information Agents

 Knowledge about objects, time and
space

e Trusted Information
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Key Technologies

e Machine-Readable Metadata
— Based on XML

* Logic, Inference Rules and Proofs
e Ontologies

 Agent Technologies
(nowadays read: ,,web services")
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Why not use Google?

 Relevant pages instead of e —_—

Datei  Bearbeiten  Ansicht  Chromik  Lesezeichen  Extras  Hilfe
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Suche: & Dasweb O Seiten auf Deutsch © Seiten aus Deutschland

- . Web Ergebnisse 1- 10 van ungefahr 897.000 fir Hotel Tokyo. (0,11 Sekunden)
— Biased by popularity of

Hotels Tokio Anzeigen Anzeigen
wawwy 2ipedia defhotel_tokio  Top-Hotels in Tokio ginstig - Qualitat & Serice mit TUV-Siegel.
: - k Lt ® Tokyo Hotels - | ow rates
p ag eS Hotel Tokyo Save money an your
tokyo-hotelguide.com 100+ Tokyo Hotels. 75% Discount. Book online with Wired Destinations hotel reservation in Tokyo, Japanl
i, AsiaRooms.com
Tokio Hotels - HotelTravel com HOTEL BEWERTUNGEN, ERMASSIGUNGERM ... IR e e
GARANTIERTE TIEFSTPREISE fir Hotelzimmer in Tokio. Hotelbewertungen und Tipps zu ¥ .p
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wearw. hoteltravel com/dedapanstokyo/hotels it - 53k - Im Cache - Ahnliche Seiten 35,000 yen / month in central Takyo

weine. sakura-house. com

Tokio Hotel | offiziclle homepage x
o - .| : — Hotels in Tokyo - Japan
please activate javascript! : : 7
tokichotel. pop24.def - Ahnliche Seiten sopeeinfachibish Stgrne._ Hotels:in
- Tokyo bis zu 70% glnstiger

woine. hotels.com/Tokyo

. Four Seasons Hotel Tokye at Chinzan-so: Ein Luwshotel auf Tokio
q u eS I O n S Tokio im Chinzan-so, Japan Four Seasons ist der fushrende Betreiber von Luxushotels und Tokyo Japan Hotels

— No way to ask about types

wrw fourseasons, comfdeftokyo/ - 15k - |m Cache - Ahnliche Seiten Hesuehel sie Takyor .
Hotelpreise & -kritiken vergleichen
YouTube - Tokio Hotel Fan sagt ihre Meinung A TSRS

wewewisnichwahr. comTokio Hotel Fan und ihre Meinung

| Min. und 43 Sek, - ddrdrird . Hotel Tok!o
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O O eCtS garantiert. Miedrigpreise online!l
f| [*=SH YouTube - Tokio Hotel - Monsoon weww crowmeplaza. de v
Fertig

— Not possible to use relations
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Required are:
e astandard syntax,

— SO0 search engines, producers and consumers
all speak the same language

e |ots of resources with meta-data attached
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Structured Metadata

- afbi;;jo Express y, e % -
| o= www.fourseasons.com/de/tokyo/
e W /

s o0 el map —

é "\xmé da-d s

\/ location

Name
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RDF: Resource Description Framework

« RDF Is a data model
— used to describe meta-data of a piece of data
— not a language, like XML
 although it has an XML syntax (but also other)
 Benefits:
— Unique representations of content objects
— Explicit relations between resources

http://ki.informatik. last-name _
uni-mannheim.de/people/heiner

gives-lecture
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RDF S C h eimna (XRY), (R subPropertyOf Q) > (X Q Y)

(XRY), (R domain C) = (X type C)

(X type C), (C subClassOf D) - (X type D)

Person
: subClassOf
'\\\ domain range
Teacher <« teaches — Course
\ A
: / subPropertyOf
type :
gives-lecture
type
| RDF schema
............................ N oo oeqeceeecceeccescceeccececetecetecetecetesetesetesetesstesetesetessteseteseteseesetesseesseesseesseesseessetsscesceteoes
teaches RDF data
1 \“
http://ki.informatik. - http://ki.informatik.
uni-mannheim.de/people/#heiner uni-mannheim.de/courses/#sw

gives-lecture

Ka Eckert Semantic Web Basics



FAKULTAT FUR MATHEMATIK UND INFORMATIK
Institut fiir Informatik
Prof. Dr. Heiner Stuckenschmidt

UNIVERSITAT
MANNHEIM

Problem: no semantic guarantees

Source B

Does_consultancy_for

uni-mannheim.de/people/#heiner

domain | range
type
www.bigcompany.com = oo »  Company
v
Does_consultancy_forT 7
- type
Source A
http://ki.informatik. > http://ki.informatik.

gives-lecture

uni-mannheim.de/courses/#sw
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Logical Reasoning about Resources

Ontology

e Logical Axioms limit Thing
allowed interpretations: / | \
Person Course Company
Teacher OPerson O Thing O0"Company [l Company |
Teacher

Teacher [JPerson [ Thing [17"Company
Teacher = [teaches.Course

rson
Teacher [Perso Teacher = Person

Company

Teacher Person = Thing [17"Company
/'type

http://ki.informatik. http://ki.informatik.

uni-mannheim.de/people/#heiner uni-mannheim.de/coursesf#sw
teaches
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e astandard syntax,
— SO meta-data can be recognised as such

W3( XML, RDF, RDF Schema, OWL
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standard vocabularies (“Ontologies”)

e |dentify the key concepts in a domain
e |dentify a vocabulary for these concepts
e |dentify relations between these concepts

 Make these precise enough
so that they can be shared between
— humans and humans
— humans and machines
— machines and machines
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Standardized VVocabularies

_ Modal Logic Strong semantics
First Order Logic
Logical Theory
Description Logic
DAML+OIL, OWL

LML

Conceptual Model

ROFIS
X Th
Extended ER

Thesaurus
ER

Is DisjoInt Subclass of
with transitivity

property

Is Subclass of Semantic Interoperability

Has Marrower Meaning Than

DB Schemas, XML Schema Structural Interoperability

Taxonomy

Relational
Model, XML Syntactic Interoperability

/-

weak semantics

Is Sub-Classification of
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Classifications

| Periodensystem der Elemente |

;@ SYSTEMATIK Haupt-
N ENTOMOLOGIE paie] 1 1 M

Ubersicht der Systematik
Nebengruppen

Progenoten (Hypothetische Urzellen)

E
»2=

Prokaryonten (mit sechs Abteilungen)

b O = D & ) TR - S % I 0 |

Archaebacteria (mit zwei Abteilungen)

Eubacteria (mit vier Abteilungen) Lanthanisen | La | Ce | Pr

adinicen | AC| Th | Pa
Wetaie (Nebengrpoen) | Habim etalle [ Nichtmetalie  [RREHEEETE ]

c|§ &i%é

Fe
Ru
Os
Hs | Mt|
Sn|Eu|Gd|Th | Dy|Ho| Er | Tm|Yb | Lu
Pu|/Am| Cm|Bk| Cf|Es |Fm|Nd Lr

Eukaryonten

Plantae (Pflanzen; mit 17 Abteilungen)

1. Schleimpilze (mit drei Abteilungen)

1I. Pilze (mit zwei Abteilungen)

I1I. Flechten (Lichenes; mit zwei Untergruppierungen)
V. Eukaryontische Algen (mit neun Abteilungen)

o : . : Ffutor: Peterdaisenbacher Fuolie
IAVA Embryophyten (Grine Landpflanzen; mit drei Abteilungen)

Animalia (Tiere; mit 30 Stdmmen)

T Protozoa (Einzeller; mit sechs Stdmmen)
1I. Metazoa (Vielzeller; mit 24 Stdmmen)
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[d]iml[o][z] open directory project

about dmoz | add TR | help | Iink | editor logn

search | advavced

Web Directories
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Ilowies, Television, MMusic...

Business
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Fithess, Medicine, Alternativ
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Shopping Society
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World
Dieutach Espafiol Francaiz, [taliano, Japanese, Koreatn, Medetls
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¥ahoo! My*wahoo! Mail Welcome, Guest [Sign In

YAHOO! sEARCH

Yahoo! Directory

Arts & Humanities
Photography, History, Literature...

Business & Economy
B28, Finance, Shopping, Jobs...

Computers & Internet
Software, YWeh, Blogs, Games...

Education

Colleges, K12, Distance Learning...

Entertainment

hovies, T% Shows, Music, Humot ...

Directory Home Help

Search: OthewWeb | @ithe Directary
| H Search J

Advanced Search Suggest a Site Email This Page

The Spark: "Fine" Art
Wed, June 7, 2006, 302 pm PDT

The 20th century produced many great artists. In the
1910z, there was Picasso. Inthe 19405, it was
Jackson Pollock. And the 196057 Well, the B0s gave
ugz LeRay Meiman and Margaret Keane. Meiman is
best known for sporting a ginormous mustache,
painting brightly colored pictures of athletes, and
never letting go of his cigar. Keane stunned the art
warld with her heart-rending portraits of children with
eyes the size of Buicks. While both were successful,
neither painter managed to find a place in the Sears

Eversit’s Coltage
by Thomas Kinkade

LookSmart

The web organized byWhere To Look For What You Need.”

Arts

Movies, Music, Television, ...

Home
Consurners, Home:

Business

Companies, Finance, Jobs, ...

Computers

Internet, Hardware, Software, ...

Kids and Teen
Computers, Entertz Fing (©) What You Need.

"Ansel Adams" results
News from:

Media, Mewspaper: o 41| Results

Games
Board, Roleplaying, Wideo, ...

Health

Alternative, Fithess, Medicine, ...

* Atticles
Recreation e Shared Pages

Food, Outdoors, Tr ® Mews
e« eb

Reference
Education, Librarie: Save @ What You Want.

World

» Save a copy of this page
Pages you've viewed

Deutsch, Espaficl, Frangais, ltaliano, Japanese, Kore * Results for <search=

e Results for <news=
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public.”
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Go Vertical. Search Made Easy.
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LCities Money
Education Music

Food Recreation
Health

Vertical Search

The New Simple Way to Find, Save and Share.

1gs0? Go to

Advertiser Solutions.

Sports )
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custornizing search results and content -- and get
essential, not exhaustive information.

Resource Center,

Newsletters, webinars,
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 The language of the semantic web
 URIs are the words
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Brief Reminder: XML
<country name="Netherlands”> ° Syntax-
<capital name="Amsterdam”> ]
<areacode>020</areacode> — E|ements’
</capital> :
</country> — Attributes
— Data
country
T « Data model:
capital
e /p'\ — Tree Structure
“Netherlands” name areacode
| |
“Amsterdam” “020”
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‘Semantic’ Problems of XML

« NO commitment on a
conceptual model:

e IS country:

— An ODbject?
— A Class?

<capital areacode="020" =
<name>Amsterdam</ name>

<country >Netherlands</ country >
</ capital >

— A Relation?

 What Is the
meaning of nesting?

e No commitment to a
vocabulary

— |s country the same as
nation ?

<nation name="Netherlands”>
<capital name="Amsterdam”>
<areacode >020</ areacode >
</ capital >
</ nation >
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Ambiguity in XML Structures

Nethepgénds ,

020 Jﬁmsterdam

Amsterd‘am Netherlan(Jis

type type

capital area-code
Netherlérnds AmsterdanT 020
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What i1s RDF?

« RDF
— “Resource Description Framework”
— W3C Recommendation

( )

e RDF Is a data model

— For representing Metadata
(data about information resources)

— Providing a unique, machine-readable
representation of a conceptual structure
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- Role of RDF on the semantic web

Digital Signature

RDF + rdfschema

Unicode
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RDF Iin Detail: The Data Model

e An RDF Model is a set of statements

» statements are triple of the form Netherlands
(subject, predicate, object):

— (Netherlands, hasCapital, Amsterdam)

lhasCapital

Amsterdam

e statements describe resources (Information Objects)
A resource can be anything that has a URI:

— A (part of a) Document, an image, a web page, ...
http://www.cs.vu.nl/index.html

— A book in a library:
e ISbn://5031-4444-3333
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What's In a triple

 There are different kinds of things in a triple:
— URIs (= objects in the domain)
— Literals (= Data)
— Blank Nodes (= anonymous objects)

 There are limitations on the use in a triple
— Subject: URI or Blank
— Predicate: URI
— Objects: URI, Literal or Blank
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The beauty of URIS

e Statements about information resources can be
made independently of the resources themselves:

y

— )

|

Different Locations, / / O

Different owners

Ka Eckert
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Statements and Graphs

 The subject of one statement can be the object (or
even the predicate!) of another statement

e Sets of statements can be drawn as labelled graphs
— Subjects/Objects are nodes
— Predicates are directed edges (and nodes at the same time)

° Attenthn Netherlands
— Link names are also l_
represented by nodes

v, Amsterdam \-A
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e Advantages of RDF:

— Explicit encoding of a conceptual model consisting of
objects, relations and data values

— Relations between resources can be made explicit,
even across models and locations

— The data model is not sensitive to syntatic variants
— Some Operations (i.e. Merging) are trivial

 Open Problems

— No agreement on a specific vocabulary
e Are country and nation the same after all?
e \Which properties can a country have?
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Metadaten in RDF
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GeographicEntity
subClassOf subClassOf
City
=l domain
subCIassOiT hasCapital TsubCIassOf
EuropeanCountry Capital
A A
type type
hasCapital
Netherlands » Amsterdam
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What iIs RDF Schema?

* A set of recources and predicates with a
predefined meaning:

—~ T

Resource
/ - Proparty __ﬁ-“ﬂ\
¢ Class J\ lfi rdf:type )
rdfs:Fesource #§ rdtsisubClassOf
rdfs: Classifi.. & rdfs:subPropery Of

rdeF'erEth,-'.\\‘ & rdfs:comment
rdfs: ConstraintFroperyvig, ™ & rdfs:label

rdfs:Literal 49 \5‘. & rdfs: seedlso
b @ rdfzisDefinedBy

¢ , Ty
-:hv[:-:rnﬁ trairttFroperty

4 rdfsrangc

\ lg redfs:domain jl/

-H-\"—\_ _t—"'-..

.
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Observations

e Relations are first-class citizen!

— Relations are defined independent of classes
— This is different from UML or ER diagrams
— range/domain have a global meaning

 There i1s NO clear separation between an RDF
model and its schema, each model can contain
some schema elements (=special relations)

 There can be multiple metalevels in the
Definition
— Resources can be classes and instances at the same time
— This is similar to Model-driven architectures
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Derivations iIn RDF Schema

 Netherlands Type EuropeanCountry
EuropeanCountry subClassOf Country

=» Netherlands Type Country

e aspirin alleviates headache
alleviates range symptom
= headache Type symptom
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Observations

e RDF Schema semantics allows to
automatically add implicit information to a

model

* This can be done by recursively applying very
simple derivation rules

 An RDF model can NEVER be inconsistent
on the formal level (,freedom of speech®)

— Schema Elements do not define Constraints
— They tell you what to derive
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Putting it all together

e An RDF file with schema and data elements

<rdf:RDF

xmlins:rdf="nttp://www.w3.0rg/1999/02/22-rdf-syntax- ns#”
xmins:rdfs="  http://www.w3.0rg/2000/01/rdf-schema #'>
xmins:geo=" http://www.geography.org/schema.rdf #'>

<rdfs: Class rdf: about ="#Country™>
<rdfs: subClassOf rdfs: resource ="#GeographicEntity”/>
</rdfs: Class >

<geo: Country rdf: about ="#Netherlands”>

<geo:. hasCapital rdfs: resource ="#Amsterdam’/>
</geo: Country >
<geo: Capital rdf: about ="#Amsterdam”/>

<rdf: Property rdf. about ="#hasCapital’>
<rdfs: domain rdfs: resource ="#Country’/>
<rdfs: range rdfs: resource ="#Capital’/>
</rdf. Property >
</rdf:RDF>

. Parts of this model could be located anywhere!
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Summary

RDF Is a simple, graph-based data model for metadata on the web

RDF has an XML syntax for:
— Exchanging RDF Models
— Embedding RDF Models into web pages

Advantages over XML
— Data model is agnostic to syntactic variations
— Information from different models and locations can easily be linked
— Some important operations are trivial (i.e. merging two models)

RDF Schema defines special resources and predicates for defining
vocabularies

— Vokabular: Class, SubClassOf, domain, range
Implicit information can be derived using simple derivation rules

There Is no clear separation between model and schema, schema
elements can be part of an RDF model

Ka Eckert

Semantic Web Basics



