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I will use Google before asking dumb questions. 1 will use Googie™

asking dumb questions. 1 will use Google before asking dumb (r‘is :

Machines still have a very minimal
understanding of text and images.

Slide courtesy of Li Ding




Semantic Web: machine-understandable data

+ Natural Language

Alice person AliceisaV=le

P

as seen by a person as seen by a machine

+ XML — represent structures
person>Alice</person To>OHRIHAMY</To

as seen by a person as seen by a machine

+ Semantic Web - represent more semantics
represent structures
enable common vocabulary

associate symbols with logic interpretation for inference




What the Web looks like

Images courtesy of Hendler & Miller, 2002
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What the Web looks like

THE ELEVENTH INTERNATIONAL
WORLD WIDE WEB CONFERENCE
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Honoluly, Hawaii, USA
7-11 May 2002
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Tim Berners-Lee

Weaving the Web by Tim Berners-Lee with Mark Fischetti, (Harper San Francisco; Hardback: ISBN:0062515861, Abridged
audio cassette abridged ISBN:0694521256) and various other languages.

A graduate of Oxford University, England, Tim now holds the 3Com Founders chair at the Laboratory for Computer
Science and Artificial Intelligence ( CSAIL)at the Massachusetts Institute of Technology (#MIT). He directs the World Wide
Web Consortium, an open forum of companies and organizations with the mission to lead the Web to its full potential.

With a background of system design in real-time communications and text processing software development, in 1989 he
invented the World Wide Web, an internet-based hypermedia initiative for global information sharing. while working at
CERN, the European Particle Physics Laboratory. He wrote the first web client (browser-editor) and server in 1990.

Before coming to CERN, Tim worked with Image Computer Systems, of Ferndown, Dorset, England and before that a =
S 33 A ©F [ | bocument: Done (4727 secs) [ R |
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What the Semantic Web looks like (birds eye vie

IsaViz Screenshot
Image courtesy of W3C http://www.w3.0rg/2001/11/IsaViz/
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What the Semantic Web looks like (birds eye view)

IsaViz Screenshot
Image courtesy of W3C http://www.w3.0rg/2001/11/IsaViz/




Inside the Semantic \Web (zooming in)

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaco-egp/
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Inside the Semantic Web (zooming in

Primary care
physician
Registered

Drug
has role

participates in

Consultation

Active
Ingrediant

Illudium Phosdex

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaco-egp/
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Inside the Semantic Web (zooming in

Primary care
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Active
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Inside the Semantic Web (still closer)




Inside the Semantic Web (still closer)

Primary care
physician

has role

+ What does it mean ?
Circles - concepts or instances

o Classes: Person & Primary Care Physician

o |nstances: Alice
Arrows - relationships/properties
@ Properities/Links: is a, has role
+ Diagram is read: Alice is a person and has role primary care physician

+ Note: Named links (relationships/properties) is one of the differences between SW and Web

11 0of 39



RDF Data Model

+ RDF data is represented as RDF graphs
+ RDF graphs are collections of statements called triples

+ Each triple contains a subject, verb (also called predicate) and object
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RDF Data Model

+ RDF data is represented as RDF graphs
+ RDF graphs are collections of statements called triples

+ Each triple contains a subject, verb (also called predicate) and object

Primary care
physician

has role

subject - Alice subject - Alice
verb/predicate - is a verb/predicate - has role
object - Person object - PrimaryCarePhysician

12 of 39



Data Model

+ Statements/triples describe properties of resources

+ Aresource is any object that can be pointed to by a URI:
a document, a picture, a paragraph on the Web;
a book in the library, a real person
isbn://5031-4444-3333
Alice, Person, PrimaryCarePhysician

+ Properties themselves are resources and have URIs

Slide based on Tutorial on OWL by Sean Bechhofer,
lan Horrocks and Peter F. Patel-Schneider
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Uniform Resource |dentifier (URI)

+ "The generic set of all names/addresses that are short strings that refer to
resources”

+ URLs (Uniform Resource Locators) are a particular type of URI, used for
resources that can be retrieved from the Web (e.g., web pages)

+ In RDF, URIs typically look like “normal® URLSs, often with fragment identifiers
to point at specific parts of a document:

http://www.somedomain.com/some/path/to/file#fragment|D
http://example.org/ontology#Person

http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person

Slide from Tutorial on OWL by Sean Bechhofer, lan
Horrocks and Peter F. Patel-Schneider

14 of 39
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http://www.ex.org/ontology#Person
http://www.ex.org/ontology#Person
http://dig.csail.mit.edu/2010/LinkedData/testdata/family#
http://dig.csail.mit.edu/2010/LinkedData/testdata/family#

—xercise T




—xercise T
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—xercise T

+ Properties: is a and has role
+ Concepts: Eve, Person, Specialist Physician

+ Eve is a person and has role Specialist physician

150f 39



—Xercise 2

Active

Compound .
Ingrediant

has function

@dium Phosdex

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaoo-egp/
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—Xercise 2

Compound Active
Ingrediant

has function

@dium Phosdex

+ Drug1 has ingredient llludium Phosdex

+ llludium Phosdex is a Compound and has function Active Ingredient

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaoo-egp/
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—Xercise 3

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaoco-egp/
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—Xercise 3

+ Concepts: Bob, Dave, Alice, Eve, Person
Properties: foaf:knows, is a

+ Bob is a person and knows Alice, who is a person, and Dave, who is a person.

+ Dave knows Eve, who is a person

Image courtesy of Eric Prud'hommeaux
http://www.w3.0rg/2009/Talks/1005-jaoco-egp/
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Serializations

+ Some serializations include
RDF/XML and RDFa (W3C standard)
NTriples
Terse RDF Triple Language (Turtle)
Notation3 (N3)

18 of 39



NTriples

+ Plain text format for RDF

+ http://www.w3.0rg/2001/sw/RDFCore/ntriples/
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NTriples

+ Plain text format for RDF

+ http://www.w3.0rg/2001/sw/RDFCore/ntriples/

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <htip://dig.csail.mit.edu/2010/LinkedData/
testdata/example#Person>

190f 39
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NTriples

+ Plain text format for RDF

+ http://www.w3.0rg/2001/sw/RDFCore/ntriples/

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <htip://dig.csail.mit.edu/2010/LinkedData/
testdata/example#Person>

<http://dig.csail.mit.edu/2010/LinkedData/testdata/example#role> <htip://dig.csail.mit.edu/2010/
LinkedData/testdata/example#PrimaryCarePhysician>

190f 39


http://www.w3.org/2001/sw/RDFCore/ntriples/
http://www.w3.org/2001/sw/RDFCore/ntriples/
http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#
http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#
http://www.ex.org/alice#me
http://www.ex.org/alice#me
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.ex.org/ontology#Person
http://www.ex.org/ontology#Person
http://www.ex.org/ontology#Person
http://www.ex.org/ontology#Person
http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#
http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#
http://example.org/ontology#
http://example.org/ontology#
http://www.ex.org/ontology#Person
http://www.ex.org/ontology#Person
http://www.ex.org/ontology#PrimaryCarePhysician
http://www.ex.org/ontology#PrimaryCarePhysician
http://www.ex.org/ontology#PrimaryCarePhysician
http://www.ex.org/ontology#PrimaryCarePhysician

e

Terse RDF Triple Language (Turtle)

+ Textual syntax for RDF that allows RDF graphs to be completely written in a
compact and natural text form, with abbreviations for common usage
patterns and datatypes

+ Blackboard, writable syntax

+ http://www.w3.org/TeamSubmission/turtle/

Primary care
physician

has role

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix: alice: <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .

rdf:type ex:Person .
ex:role ex:PrimaryCarePhysician .

200f 39
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Turtle

+ Namespaces
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix alice: <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .

+ Prefix
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type => rdf:type
<http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#Alice => alice:Alice

+ Default namespace
@prefix: <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .
alice:Alice rdf:ex:Person => :Alice rdf:type ex:Person.

+ Each statement is
<subject> <predicate> <object>.
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Turtle

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix : <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .

rdf:type
ex:role

22 0f 39
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—xercise 4

il |
Sf,eg;:i:: Assume the following namespaces
i Eve is defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/eve#

SpecialistPhysician and Person are defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/example#

has role rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

ALICE

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix : <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .

:Alice rdf:itype ex:Person.
:Alice ex:role ex:PrimaryCarePhysician.
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—xercise 4

Sf‘eg;gi':: Assume the following namespaces
Phy Eve is defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/eve#

SpecialistPhysician and Person are defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/example#

has role rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
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—xercise 4

il |
Sﬁez;gi:: Assume the following namespaces
i Eve is defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/eve#

SpecialistPhysician and Person are defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/example#
has role rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

EVE

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix : <http://dig.csail.mit.edu/2010/LinkedData/testdata/eve#> .

:Eve rdf:type ex:Person.
:Eve ex:role ex:SpecialistPhysician.
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Turtle

+ Shorthand notations

multiple property-value pairs of same instance can be combined
<subject> <predicate1> <object1>; <predicate2> <object2>; <predicate3> <object3>.
:Alice rdf:type ex:Person;

ex:role ex:PrimaryCarePhysician .

multiple values for same properties
‘Alice rdf:type ex:Person, ex:Female.

anonymous node (no identifier)

[ rdf:type ex:Person, ex:Female |.
‘Alice foaf:knows [ foaf:name “Carol Nobody” |.
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—Xercise 5

Ingrediant

has function

lludium Phosdex

Assume the following namespaces

llludiumPhosdex, Drug1 is defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/drug#

Compound, Activelngredient, function, and ingredient is defined in
http://dig.csail.mit.edu/2010/LinkedData/testdata/example#

rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
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—xercise 5 Solution




—xercise 5 Solution

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
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silludiumphosdex rdf:type ex:Compound;
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ex:function ex:Activelngredient .
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—xercise 5 Solution

@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
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silludiumphosdex rdf:type ex:Compound;
ex:function ex:Activelngredient .

:drug1 ex:ingredient :illudiumphosdec .
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—Xercise 6

Specialist
Physician

has role

Assume the following namespaces

All beige concepts are defined in http://dig.csail.mit.edu/2010/LinkedData/
testdata/<name>#
foaf:knows is defined http://xmins.com/foaf/0.1/

Person is defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/example#
rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
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—xercise 6 Solution

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

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix ex: <http://dig.csail.mit.edu/2010/LinkedData/testdata/example#> .
@prefix alice: <http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#> .
@prefix bob: <http://dig.csail.mit.edu/2010/LinkedData/testdata/bob#> .
@prefix dave: <http://dig.csail.mit.edu/2010/LinkedData/testdata/dave#> .
@prefix : <http://dig.csail.mit.edu/2010/LinkedData/testdata/knows#> .

bob:Bob rdf:type ex:Person;
foaf:knows alice:Alice, dave:Dave.

alice:Alice rdf:type ex:Person.

dave:Dave rdf:type ex:Person;
foaf:knows [ rdf:type ex:Person; ex:role ex:SpecialistPhysician ].
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e

Notation3

+ language which is a compact and readable alternative to RDF's XML syntax,
but also is extended to allow greater expressiveness (such as rules)

+ http://www.w3.org/Designlssues/Notation3
+ Turtle + rules + builtins
+ Some shorthand notations

@keywords a. => no default “:" and rdf:type is replaced by “a”

@prefix : <http://dig.csail.mit.edu/2010/LinkedData/testdata/family#> .
JoeLamba a Person.
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

Zrafitypes
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>
Zrdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>

<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>

<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
Z/raf-Descriptions

</rdf:type>

<ex:role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:.role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/

<rdf:type>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>
<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician">
</rdf:Description>

</ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/
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<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>

</rdf:type>

<ex:role>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation

+ http://www.w3.org/TR/REC-rdf-syntax/
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<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person">
</rdf:Description>
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RDF/XML

+ XML syntax for RDF
+ W3C Recommendation
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RDF/XML

+ Starting and ending tags
<rdf:RDF> ... </rdf:RDF>

Namespaces

xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xmlns="http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#"

Prefixes
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type => rdf:type

Subjects defined using
<rdf:Description rdf:about=uri of subject >
</rdf:Description>

+ Properties of subjects defined inside rdf:Description of the subject using start and end
tags
<rdf:type></rdf:type>

+ Objects defined inside property tags using rdf:Description
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RDF/XML

+ Shorthand notations

dropping rdf:Description for objects

<rdf:type>
<rdf:Description rdf:about="http://www.ex.org/ontology#Person"> — >

</rdf:Description>
</rdf:itype>

<rdf:type rdf:resource="http://www.ex.org/ontology#Person">
</rdf:type>

dropping end tags

<rdf:type rdf:resource="http://www.ex.org/ontology#Person"> — > <rdf:type rdf:resource="http://www.ex.org/ontology#Person" />
</rdf:type>

combining all property-value pairs of the subject into single rdf:Description

<rdf:Description rdf:about="http://dig.csail.mit.edu/2010/LinkedData/testdata/alice#Alice" >

<rdf:type rdf.resource ="http://dig.csail.mit.edu/2010/LinkedData/testdata/example#Person"” />

<ex:role rdf:resource= "http://dig.csail.mit.edu/2010/LinkedData/testdata/example#PrimaryCarePhysician" />
</rdf:Description>
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—Xercise 8

Ingrediant

has function

@dium Phosdex

Assume the following namespaces

llludiumPhosdex, Drug1 is defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/drug#

Compound, Activelngredient, function, and ingredient is defined in http://
dig.csail.mit.edu/2010/LinkedData/testdata/example#

rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
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CSAIL

Exercise 9: Describe following graph in Turtle & RDF/XML

Registered
Drug

has role

Participates in

Assume the following namespaces

Green concepts are defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/green#
Blue concepts are defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/blue#
Beige concepts are defined in http://dig.csail.mit.edu/2010/LinkedData/testdata/beige#
rdf is http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

locatedin, participates and other properties are defined in http://dig.csail.mit.edu/2010/
LinkedData/testdata/example#
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Summary

+ RDF data
represented by graphs consisting of triples
triples consist of <subject> <predicate> <object>
can be represented pictorially using circles and arrows diagrams
can be represented in text via serializations

o RDF/XML & RDFa
= NTriples

o Turtle

5 N3
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