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Introduction to the

Semantic Web

Semantic tecnologies — a quick overview
Fulvio Corno
Politecnico di Torino



Semantic \Web W3 i Somantic

' Web
http://www.w3.0rg/2001/sw/

B \Web second generation
Web 3.0

B “Conceptual structuring of the Web in an
explicit machine-readable way”
(Tim Berners-Lee)

® |n other words...

...let the machine do most of the work!!!
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‘Official’ introduction (1/2) N

B The Semantic Web is a web of data. There is lots
of data we all use every day, and its not part of
the web. | can see my bank statements on the
web, and my photographs, and | can see my
appointments in a calendar. But can | see my
photos in a calendar to see what | was doing
when | took them? Can | see bank statement
lines in a calendar?

® \Why not? Because we don't have a web of data.
Because data is controlled by applications, and
each application keeps it to itself.
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‘Official’ introduction (2/2) N

B The Semantic Web is about two things. It is about
common formats for integration and combination
of data drawn from diverse sources, where on the
original Web mainly concentrated on the
interchange of documents. It is also about
language for recording how the data relates to
real world objects. That allows a person, or a
machine, to start off in one database, and then
move through an unending set of databases
which are connected not by wires but by being
about the same thing.
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Key principles

B The Semantic Web is the Web

Same base technologies, Evolutionary
Decentralized (incomplete, inconsistent)
B Provide explicit statements regarding web
resources
Authors, original information providers
Intermediaries (humans and/or machines)
B [nformation consumers determine
consequences of the statements
Distributed ‘reasoning’
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Technology stack (current: 2008)

User Interface & Applications

Trust
Ontology
Query: OW'— Rule:
SPARQL RIF

Crypto

RDFS l

Data interchange:
RDF

XML

URI/IRI |
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Comparison... current trends

User Interface & Applications
Trust
TN Rules | Tt
~w Data Proof g
‘é
Logic C
Data w Ontology
> Ontology vocabula g Query: OWL Rule: o
desc. o V8 SPARQL RIF =
L RDFS l e
0 O
Data interchange:
RDF
XML

Unicode
URI/IRI |
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Main technologies
B Resource Description Framework (RDF)

[2004]

B Gleaning Resource Descriptions from
Dialects of Languages (GRDDL) [2007]

m SPARQL Query Language for RDF [2008]
® \Web Ontology Language (OWL) [2004]

{8 ROF [WaC s Wi Qo0 ow

http://www.w3.0rg/2001/sw/
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The real world...

User Interface & Applications l

| —Unffying Loglc )

Ontology:
Query: OWL Rule:

SPARQL
RDFS l

Data interchange:
RDF

URI/IRI
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The real world...

User Interface & Applications

Proof

Unifying Logic
Ontology:
Query: OWL
SPARQL

RDFS |

Data interchange:
RDF

URI/IRI
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The real world...

User Interface & Applications

Proof
Information )
retrieval Unifying Logic
Ontology:
Statistics Query: OWL
SPARQL

RDFS l

Data interchange:
RDF

URI/IRI
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Key concepts

03/07/2008

Knowledge

Metadata
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Metadata

B Structured data about data

B Higher level information that describes
content
quality
structure
accessibllity

of a specific data set

03/07/2008 Intellisemantic, Politecnico di Torino 3
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B Even the author, sometimes, has difficulty
in correctly classifying the contents

B Choice of “topics” may be done at different
levels, all of them “correct”

B Choice of "keywords” is afflicted by
synonyms and homonyms

B Typographical errors often appear in the
original text

03/07/2008 Intellisemantic, Politecnico di Torino 4



Classification techniques

m Controlled vocabularies
B Taxonomies

B Thesaurl

B Facets

B Ontologies

B Folksonomies

03/07/2008 Intellisemantic, Politecnico di Torino 5
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Controlled vocabulary

m A closed list of named subjects, which
can be used for classification

B Composed of terms [particular name for a
particular concept] (similar to keywords)
B Terms are not concepts

A single term may be the name of one (or
more) concept(s)

A single concept may have multiple names
Ambiguity avoided by forbidding duplicate
terms

03/07/2008 Intellisemantic, Politecnico di Torino 6



Controlled vocabulary
B Purpose:

to avoid authors defining meaningless terms,
terms which are too broad, or terms which are

too narrow

to prevent different authors from misspelling
and choosing slightly different forms of the

same term

B The simplest form of controlled vocabulary
Is simply a list of terms and nothing more.
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Problems solved

B Homograph

group of words that share the same spelling
but have different meanings

B Homonym

group of words that share the same spelling or
pronunciation (or both) but have different
meanings
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Problems solved

B Synonym

different words with identical or at least similar
meanings

B Polysemy

the capacity for a word to have multiple
meanings

03/07/2008 Intellisemantic, Politecnico di Torino 9
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% IESR: Application Profile Yocabularies - Mozilla Firefox

File Edit View History Bookmarks Tools Help

<ﬁ - E’> - @ i< - =3 ﬁ | http:/fwaw.iesr.ac.uk/profile feocabs findex. html /#CtrldVocabsList |‘| [}*] "‘dc: subject |\]
53 F 3 5 3 Poii [ Dida [ Sys [ dvd [€] 190.it [ Gmail Google News Google [%] Google Calendar ' e-Lite Research Group [ LinkedIn: Home [ | Add To Connotea
@ Disable~ & Cookies~ |1 €55+ ] Forms~ (4 Images™ @ Information~ () Miscellaneous~ o Outline~ n: Resize™ J'b Tools~ §2| View Source™ -~ Options™ L4 @
IESR: Application Profi... Q Taxonomies, Classification... . Examples of Controlled vo... | Metadata? Thesauri? Taxo.. W/ Carolus Linnaeus - Wikipe.. . Links of use to those devis... -
~
AAT

Art & Architecture Thesaurus hitp:/iwww.qgetty.edu/research/toolsivocabulary/aat/

Information

ACM Computing Classification System http://www.acm.org/class/
BIOSIS

" L ]
BIOSIS Controlled Vocabulary http://thomsonscientific.com/products/bsg/: E n V I ro n m e n t S e ’-V I C e
CAB
CABlé}ggggesaurus http-//www cabi org/DatabaseSearchTools.asp Reg i St ry ( I E S R)

CABICODES http://www.cabi.org/DatabaseSearchTools.asp
CAS

- CAS Registry Numbers http://www.cas.org/EO/regsys.html h tt p : //WWW . i e S r [ Qa C " u k/

Dewey Decimal Classification http-//iwww. oclc.org/dewey/ B
EDINAUPDATE

UPDATE Wordlist http://edina.ac uk/update/ (only available in the interface - see "Wordlist Search')
ENZYME

Enzyme Commission Numbers hitp-//iwww chem gmul ac.uk/iubmb/enzyme/
HASSET

Humanities And Social Sciences Electronic Thesaurus (version 3.0} http-//'www data-archive ac uk/search/hassetSearch.asp
INSPEC

Inspec Thesaurus http://www iee org/publish/supportiinspec/documentithes/
INSPECCN

Inspec Classification http://'www iee.org/publish/supportiinspec/document/class/
JACS

Joint Academic Coding System of the Higher Education Statistics Agency http://www hesa ac ukfjacs/completeclassification.htm

LCC
Library of Congress Classification http-//www loc_gov/catdir/cpso/lcco/lcco.htmi
LCSH

Library of Congress Subject Headings http:/iwww loc.gov/cds/Icsh.html
L QCAI s

Done

http://www.iesr.ac.uk/profile/vocabs/index.htmI/#CtrIch;cabsList
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Taxonomy

B Subject-based classification that arranges
the terms in the controlled vocabulary into
a hierarchy

Dating back to the work of Carl Linnaeus in the

18th century on zoological and botanical
classification and naming system for species

m Benefit: they allow related terms to be
grouped together and categorized in
ways that make it easier to find the correct
term to use for searching or to describe an
object

03/07/2008 Intellisemantic, Politecnico di Torino 11
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Taxonomy
B |t is clear that "topic
maps" and "XTM" are
knowledge management related
sy ™ Easier to classify
_ documents
i B Easier to choose
""" il search keywords
TMOL
L TMCL
Hiy T

03/07/2008 Intellisemantic, Politecnico di Torino 12




Taxonomies and metadata

B \letadata are stored
as usual with the
resource

B The "subject” will
contain only
controlled terms

Curing the web's identity crisis

Steve Pepper & Sylvia Schwab

May 2003

knowledge management

knowledge representation

g ® Controlled terms
S belong to a hierarchy,
oL shared by all papers

03/07/2008 Intellisemantic, Politecnico di Torino 13



Limitations

m A taxonomy may not express:
"XML Topic Maps" is synonymous with "XTM"
difference between "XTM" and "topic maps".

"topic navigation maps" is synonymous with "topic
maps", but should no longer be used\

relationship between topic maps and subject-based
classification, or the semantic web.

relationship between XTM and XML and HyTM and
SGML.

similarity between HyTM and XTM, and their
difference from TMQ

03/07/2008 Intellisemantic, Politecnico di Torino 14
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Example

) ODP - Open Directory Project - Mozilla Firefox

File Edit View History Bookmarks Tools Help
=
€ - l$’ ; @ = e /u} @ http: /fwww.dmoz.org/ L~ ] G-l By
~
. . In partnership with i
@@@E open directory project AOL search
about dmoz | dmoz blog | suggest URL | help | link | editor login
”_ Search ]aa‘uan:e:."
Arts Business Computers
Mowvies, Television, Music.. Jobs, Beal Estate, Investing... Intemet, Software, Hardware. .
Games Health Home
Video Games, BPGs, Gambling .. Fitness, Medicine, Altemnative... Familv, Consumers, Cooking...
Kids and Teens News Recreation
Arts, School Time, Teen Life...  Media, Newspapers, Weather... Travel Food, Outdoors, Humor...
Reference Regional Science
Maps, Education, Libraries. .. US. Canada, UK, Europe... Biologv, Psvcholozy, Physics. ..
Shopping Societv Sports
Autos, Clothing, Gifts... People, Relizion, Issues... Baszeball Soccer, Basketball...
World
Deutsch, Espafiol, Francaiz, Italiano, Japanese, Nederlands, Polska, Dansk, Svenzka...
TR NGIE Help build the largest hurman-edited directory of the web
Copyright @ 1998-2007 Netscape W
http: ffwww.dmoz. org/Computers @

03/07/2008 Intellisemantic, Politecnico di Torino
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File Edit View History Bookmarks Tools Help

€ > €uego

1 1998 ACM Computing Classificati... G . i  Classification Web (Cataloging Distribu... v

‘ hd | [3“] '*|vu:uca|:uulary dassificatic

Q)

)
Copyright 2007, by the Association for Computing Machinery, Inc. Permission to make digital or hard copies of part or all of this —
work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or 0
commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to

post on servers, or to redistribute to lists, requires prior specific permission and’or a fee. Request permission to republish from:
Publications Dept., ACM, Inc. Fax +1 (212) 869-0481 or E-mail permissions/facm. org.

The ACM Computing Classification System (1998)

+ A General Literature
o A 0 GENERAL
® Riographies/autobiographies
n Conference proceedings
» (General literary worlks fe.g., fiction, plays)
o A1 INTRODUCTORY AND SURVEY
= A 2 REFERENCE (e.g.. dictionaries, encyvclopedias, glossaries)
¢ A m MISCELLANEOUS
+ B Hardware
= B.0 GENERAL
= B.1 CONTROL STRUCTURES AND MICROPROGRANMMING (D.3.2)
m B 1.0 General
m B 1.1 Control Design Styles "

Done @

NP TWWW. aCITL. OTg/Class/ 19987ccs Q8. ht
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Thesaurus
B Extends taxonomies: subjects are
arranged in a hierarchy

B Other statements can be made about the
subjects

B Two |ISO standards

1SO2788 for monolingual thesauri
1SO5964 for multilingual thesauri

03/07/2008 Intellisemantic, Politecnico di Torino 17
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Thesaurus relationships

® BT — broader term
Refers to a term with wider or less specific meaning

Some systems allow multiple BTs for one term, while
others do not

Inverse property: NT - narrower term
A taxonomy only uses BT and NT

® SN — scope note
String explaining its meaning within the thesaurus

Useful when the precise meaning of the term is not
obvious from context.

~ PO}
AP />\
SR

\ ./g\‘ i A
i
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Thesaurus relationships

m USE

Another term that is to be preferred instead of this
term

Implies that the terms are synonymous
Inverse property: UF
B TT —top term
The topmost ancestor of this term
The BT of the BT of the BT...
B RT —related term

A term that is related to this term, without being a
synonym of it or a broader/narrower term.

03/07/2008 Intellisemantic, Politecnico di Torino 19
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) Records Management System - Classification Thesaurus - Mozilla Firefox

File Edit View History Bookmarks Tools Help

<E| < < @ <1 ﬁ}* ‘- http: ffwww . swinburne, edu, au/corporate fregistrar frms falpha_ | ¥ | (& ] ' '|1esaurus dlassification | “, ]
= Legislation . ~
List of Terms b
= Management of =
University 8]
Records Policy
e Occupational Health and Safety (Forbidden Term)
Ly

se: Health and Safety.

= TRIM Training

= Records

Disposal Office Accommuodation (Forbidden Term)

« Student Records  Wse: Accommaodation.

= Student
Operations Office Equipment (Forbidden Term)

Use: Equipment.

Open Day (Descriptor)

An organised event to allow prospective students and other clients to gain an
appreciation of what the University has to offer them.

Use: As a descriptor after the Keyword - Marketing, followed by the free text
subject of the file.

e.g. Marketing - Open Day - Swinburne at Lilydale.

Operational Management({Keyword)

The day-to-day and lang term operations of the University. Relates to meetings,
procedures, reports, strategic planning processes, and the like

Done Al

httE> _ﬁﬁ—ﬂ—ﬁﬁﬁ_ﬁrw swinpurne.eau.au/corporate/registrar/rms/Keyworas.ntm
3/07/2008
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m | ibrary of Congress

Subject Headings
B Since 1985 it
became a
3 taxonomy

B hitp://www.loc.gov/l
exico/servlet/lexico/

i
t
i
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SKOS

B SKOS: Simple Knowledge Organization
System

http://www.w3.0rg/2004/02/skos/

«SKOS provides a standard way to represent
knowledge organisation systems using the
Resource Description Framework (RDF).
Encoding this information in RDF allows it to be
passed between computer applications in an
interoperable way.»

R
| the =D
‘ %V is)
e, Y
Sy
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SKOS: example

"Economic policy’

skos:prefLabel ‘Economic cooperation’

s-kos:broader skos:preflLabel

___—» 'Economic co-operation’
skos:altLabel

skos:scopeNote

skos:related SN Includes cooperative measures in

banking, trade, industry etc,,
between and among countries.’

‘Interdependence’

skos:prefLabel
skos:narrower

skos:prefLabel

« Economic integration’

03/07/2008 Intellisemantic, Politecnico di Torino 23
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® Proposed by S.R. Ranganathan in the 1930s

B |dentifies a number of facets into which the
terms are divided.

Facets can be thought of as different axes along
which documents can be classified

Each facet contains a number of terms
m Usually with at thesaurus-like organization
= A term is only allowed to belong to a single facet
B A document is classified by picking one term
from each facet to describe the document along
all the different axes

03/07/2008 Intellisemantic, Politecnico di Torino 24
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Advantages

B Multi-dimensionality
B Persistence

B Scalability

B Flexibility

03/07/2008 Intellisemantic, Politecnico di Torino 25
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<',-—:|,

Edit View

©J Nobel Prize Winners (Flamenco) - Mozilla Firefox

History

Bookmarks  Tools

du/

Help

imtein

- @ <1 ﬁ ||_| http:fﬁ:urange.sims.berkﬁlev.Edufcgi-hinfﬁamencu.cgifnnbelj'FIama|"| D“] '*|ﬂamencu:u faceted

Nobel Prize Winners

18901 to 2004

H search

GENDER

fernale (23

COUNTRY

Argentina (5)
Australia (s)
Austria (12)
Belgium (11}
Burma (1)
Canada (=)
Chile (z)

AFFILIATION

Allied Reparation
Commission (1)

Argentina (2}

Show tooltip previews of subcategaries

Powered by Flamenco

=R Ml History and Settings JEEETTGRGESET 0N New Search I

Username |default

Password ‘

‘ [ LogIn ]

Create a New Account

PRIZE
malg (g98) chemistry (138)
ECONOIMICS (55)
literature (101}
China 2;
Colombia (1) _ELD
Costa Rica (1) 1900s (57}
Czechoslovakia (2 18105 20y
Denmark (12} 19205 (54)
more... 19305 (58)
19405 (43)
19505 (72)

Brussels (1)
Canada (&)
Committee for the Defense of

medicing (182}
PEACE (108)
physics (1e8)

Australia (z; Mational Interests and
Austria g International Conciliation (13 w
Done @
03/07/2008 Intellisemantic, Politecnico di Torino
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http://intellisemantic.myvnc.com:8080/Intefli

Exa m p | @ Facet/

©J Semantic Enterprise search - demo - Mozilla Firefox

File Edit View History Bookmarks Tools Help
- - @ S B m |@ :/fintelisemantic.myvnc, com: 3080/ InteliFacet |"| [3‘] |'|ﬂamencn faceted H\,]
LS
: : Demo version 1
Semantic Enterprise search
Search enterprize rezources semanticaly
Semantic search demo
Qur semantic search application demo automatically index "semantic weh” related files located on your pc directories. Search results can then be refined using faceted
browsing. Learn more about this demo architecture here
all subjects Publication date [3¢]
Agents and -~ 207 Documents 2003 ~
Stemantic Web 2004
Basic Web sorted by: main-subject and publication-date; then by... » & grouped as sorted 2005
Infermation
Technologies 2006
Benchmarking Agents and Semantic Web (9) w007 A
and Scalability
Bioinformatics Language
Design and 200? [1] en
Testbed Case it
Studi . . . .
N 1‘?5 & Microsoft Word Siderean Semantic Web White Paperi doc -
E-Business Author: Bradley Allen | date: 2007
E-Government Main subject: Agents and Semantic Web Document type w
Done @

03/07/2008 Intellisemantic, Politecnico di Torino 27
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B Model for describing the world that
consists of a set of types, properties, and
relationships

B Extends the other subject-based
classification approaches
Has open vocabularies

Has open relationship types
= Not just BT/NT + USE/UF

03/07/2008 Intellisemantic, Politecnico di Torino 28
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Ontology structure

B Concepts
® Relationships

Winery Bordeausx IS'a

\ i /hEST wineries Other
\

B |[nhstances

Fauillac Chateau Lafite Rothschild

4I II
\ io maker / produces
\\ ._l

Chateau Lafite Rothschild Pauillac

03/07/2008 Intellisemantic, Politecnico di Torino 29



" SRR jonto. stanford.edu:8080/wino/
Example

ex.jsp

) Wine Agent (version 1.0) - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
<EI - - @ 8e 5 ﬁ_l‘ ||_| http:ffonto. stanford.edu: 8080, /winofindex.jsp |'| [}'] "|0nmlogy example . 4\]
= F [ 5 [ Peli [ Dida [ Sys [ dvd @ 190uit [~ Gmail Google News Google || Google Calendar ' e-lite Research Group E LinkedIn: Home || Add To Connotea
@ Disable~ & Cookies~ [ €55~ -] Forms~ (& Images™ @ Information= () Miscellaneous~ " Outiine~ ;: Resize~ Jb Tools™ Q View Source~ -~ Options~ b4 @
facet dassification example - Goo... |_| challenge.pdf (application/pdf Obj... . Examples of Controlled Vocabulari... [ |_| Wine Agent (version 1.0} Q | . Links of use to those devising Con... -
~
IT'
Wine Agent 1.0
How does it work?
Please select a type of course:
SEAFOOD RED MEAT E,ASTA 4 DESSERT
Fish: ¢ regular red meat . pasit:a “;. re?”f’r r; sanee * sweets
+ bland fish * spicy red meat . izt: : ;;;"m_r;rz?;ie ¢ quis and cheese
.Shf]_]z;g;zr-ﬁﬂ fish WHITE MEAT + pasta w/ heavy cream sauce FRUIT
+ oysters + light-meat fowl * sweet fruit
+ other shellfish ¢ dark-meat fowl TOMATO-BASED FOOD + unsweet fruit
Or, sclect a specific item from the sample menu:
Starters:  Dozen clams - Dozen ovsters - Dozen mussels - Personal cheese pizza
Poultry:  Rotisserie chicken - Roast duck - Roast goose - Roast turkey
Meat:  Grilled T-Bone steak - 10 oz. Prime rib - Garlicley roast beef tenderloin - Grilled veal chops - Grilled pork chops - Lamb curry
Pastam  Spaghetti with tomato sauce - Fetuccine Alfredo - Fra Diavolo - Linguine with white clam sauce
v
Done @

03/07/2008 Intellisemantic, Politecnico di Torino 30



Folksonomy

B |nternet-mediated social environments

m Collaboratively generated, open-ended
labeling system that enables Internet
users to categorize content such as Web
pages, online photographs, and Web links

B Users can discover who created a given
folksonomy tag, and see the other tags
that this person created

reward: better user’s capacity to find related
content

03/07/2008 Intellisemantic, Politecnico di Torino 31
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Example (wikipedia)

Academia

Academic disciplines

Main topic classifications

imtein
..-F""-.-
Categories ‘ Wikipedia cleanup ceé
Knowledge Wikipedia maintenance categories sorted by month

‘disciplinary fields

[ AN~ —

—

Hurman sciences

anizations

Critical theory

03/07/2008

AN

Cultural studies

Science Fundarmental Wikipedia categories different from Wikimedia C

Society Structure

Culture
-__,___-
Social sciences Hurmanities Belief Abstractior
Sociology Scientific disciplines Philosophy
I\ / T |
Intellisemantic, Politecnico di Torino 32
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Example (flickr - del.icio.us)

File  Edit

@ -

View

A year ago today

Take a step back in time and see the most
interesting photos from October 28, 2006,

End
Wore photos from freemysoul,
orview her profile.

Higtory Bookmarks Tools Help

- @] <2 ﬁ |‘. http: /s flickr . comfexplore/

[~ »] [

art australia baby Deach birthday oue bw california canada canon
ehicago ChiN@ christmas city cog engians europe famMIly restva flower flow
france friends mun germany holiday s italy Japan london me wd
music hature new newyork night nikon nyc paris park party peop
portrait red Sanfrancisco sky spain SUMMET sunset taiwan tokyo travel trlp

vacation water Wedding
Sets

Ursus maritimus (Polar
Bear)

120 photos | From
ucumari

Amazing Polar Bears.

C-130 Ride

48 photos | From Shifting
Leaves

C-130 Ride, ATripon a

couple of C-130s thanks
to the Nevada Air Guard.

Lensbaby

283 photos | From
rustman

- rustman, Lensbaby

Afew of our favorite sets. Stories are told,
themes are developed, junkis collected...

Groups

There are |oads of groups on
the brim with wonderful photol

£

STREETART

9,225 members 5
StreetArt, graffiti, st
poster.

Global Photojourn
T 7,245 members | 68, 1
. Global Photohourry

is a group to foste
relationships between photaoj
and lovers of photojournalisn
around the world
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File Edit View History Bookmarks Tools Help

@ i E @ - ﬁ.l‘ |!. http:/f/del.icio.us/

L_J‘ '| [}] "|deli:ious

a)

|| delicious | [ search ]

.. del.icio.us

» all your bookmarks in one place

» check out what other people are bookmarking

learn more__.

» get started «

see also: popular | recent

m people

reference comparison tags

Instant Messaging Round-Up =ave thiz

first po: by svlasov  im  chat  software

Los pitidos del arranque, entiendes atu PC?:
Den's Blog savetnis

m people

arranque tags
informatica

m people

resources tags
tools

m people

first p by rubendomfer hardware bios

pitidos

54 Typography Resources Every Designer
Should Bookmark save this

first po: by Staska

typography fonts webdesign

Cubicle Freakout - Vent your office stress

Tags

login | register | help

Actag is simply a word you use to describe
a bookmark. Unlike folders, you make up
tags when you need them and you can use

as many as you like. The result is a better
way to organize your bookmarks and a

great way to discover interesting things on
the Web_

tags to watch

maps
Meave Lab » Flash Earth
Google Maps

maore ...

GeokKit Rails Plugin RDoc Documentation

advertising
AdverBox
Ads of the World | Beta |
MIT Advertising Lab

useful
Declutter Your Desk
Pipes: Rewire the Web

» Free Photoshop Brushes - Photoshop

Tutorial
save this
first posted by Burvs flash game games humor funny tags portfelic
The Hejz
T Onan - Cada - Naw ¥Yark Timas Rlan & thi e ! . s

Done

5 nighthawks

2

% 5943 members | 56,090 ;Fcfce
A== “"photography is the

kalancing light and

night photoaraphy is about balancing

patience and caffeine.”

art of
time, but

to di Torino

Done
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What are the problems?

B People, Organizations, Software Systems
must communicate

Among themselves
To the others

m Obstacles

Different needs
Different background
Different viewpoints
Different assumptions

03/07/2008 Intellisemantic, Politecnico di Torino 3



How to solve them?

B resolve terminological confusion
B resolve conceptual confusion
B come to a shared understanding

B A shared understanding serves for:
providing a unifying framework for different
viewpoints
providing the basis for communication between
different people from different contexts

03/07/2008 Intellisemantic, Politecnico di Torino



" P
Ontologies: summary

B An ontology is an explicit description of
a domain
concepts
properties and attributes of concepts
constraints on properties and attributes
individuals (often, but not always)

® An ontology defines
a common vocabulary
a shared understanding

03/07/2008 Intellisemantic, Politecnico di Torino 5



Example

chair
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Example

*A piece of furniture consisting of a seat, legs, back, and often

arms, designed to accommodate one person.

*A seat of office, authority, or dignity, such as that of a bishop.
*An office or position of authority, such as a professorship.
*A person who holds an office or a position of authority,
such as one who presides over a meeting or administers a
department of instruction at a college; a chairperson.

*The position of a player in an orchestra.

*Slang. The electric chair.

*A seat carried about on poles; a sedan chair.

*Any of several devices that serve to support or secure, such as a

metal block that supports and holds railroad track in position.

chair

03/07/2008 Intellisemantic, Politecnico di Torino 7
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A piece of furniture consisting of a seat, legs, back,
and often arms, designed to accommodate one
person.

03/07/2008
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chair seat
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Example

Something | can sit on

277

=

chair seat stool bench

03/07/2008 Intellisemantic, Politecnico di Torino 10
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Example

Something | can sit on

“sittable”

=

chair seat stool bench

03/07/2008 Intellisemantic, Politecnico di Torino 11
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“sittable”

Something | can sit on

table

seat

03/07/2008

Intellisemantic, Politecnico di Torino

12




Example

Something | can sit on

“sittable” [«---_

Something designed for sitting Y
“for_sitting”
chair seat stool bench

03/07/2008 Intellisemantic, Politecnico di Torino 13



Ontology structure

“sittable”
“for_sitting”
%\ table
chair seat stool bench

03/07/2008 Intellisemantic, Politecnico di Torino 14



Ingredients

m Concepts

shorthand name (internal use)

synthetic title (to be displayed)

definition (real unambiguous shared definition)
B Relationships among concepts

IS a

other
B Annotations

03/07/2008 Intellisemantic, Politecnico di Torino 15
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Relationships
material
room
is g Is_a
B i “sittable”
=4 wood
classroom is_a

dining room | | “for_sitting”

' : ) table
IS_d IS_a iS a

chair seat stool bench

03/07/2008 Intellisemantic, Politecnico di Torino 16



Relationships
made_of .
- material
room R / _
s_a % “sittable” —
IS_d % wood
classroom o is_a
made_of
table
chair seat stool bench
03/07/2008

Intellisemantic, Politecnico di Torino
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Ontology building blocks

B Ontologies generally describe:
Individuals
= the basic or "ground level" objects

Classes
m sets, collections, or types of objects

Attributes

® properties, features, characteristics, or parameters
that objects can have and share

Relationships
= ways that objects can be related to one another

03/07/2008 Intellisemantic, Politecnico di Torino 18



Ontology languages

[OWL]

OIL DAML+OIL

XOL SHOE OML [ RDF(S) ]

03/07/2008 Intellisemantic, Politecnico di Torino 19
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B Resource Description Framework
Resource = URI (retrievable, or not)

B RDF is structured in statements

B A statement is a triple:

Subject predicate object

® Subject: a resource
® Predicate: a verb / property / relationship
= Object: a resource, or a literal string

03/07/2008 Intellisemantic, Politecnico di Torino 20
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RDF examples

m http://elite.polito.it/people#FulvioCorno
http://purl.org/vocab/relationship/employed
By http://www.polito.it

B http://elite.polito.it/people#FulvioCorno
nasProfession
nttp://reliant.teknowledge.com/DAML/Mid-

evel-ontology.owl#Professor

(2] 2t
"/‘fﬁ PN
q@ 3,70
b %V is)
e, Y
GRS
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RDF in XML

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/">
<rdf:Description
rdf:about="http://en.wikipedia.org/wiki/Tony Benn">
<dc:title>Tony Benn</dc:title>
<dc:publisher>Wikipedia</dc:publisher>
</rdf:Description>
</rdf:RDF>

03/07/2008 Intellisemantic, Politecnico di Torino 22



RDF from multiple dictionaries

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:dc="http://purl.org/dc/elements/1.1/">
<rdf:Description
rdf:about="http://en.wikipedia.org/wiki/Tony Benn">
<dc:title>Tony Benn</dc:title>
<dc:publisher>Wikipedia</dc:publisher>
<foaf:primaryTopic>
<foaf:Person>
<foaf:name>Tony Benn</foaf:name>
</foaf:Person>
</foaf:primaryTopic>
</rdf:Description>
</rdf:RDF>

03/07/2008 Intellisemantic, Politecnico di Torino 23
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"
RDF and RDF schema

Person
, subClassOf
"“.l\ domain range

Teacher +— teaches ——— Course
\ 4
/subPrnpertyOf

RDF schema
RDF data

type

type ;

[

1 '
1 1
H i

1
1

gives-lecture

P teaches

&

]

1

1 1
1

Y
http://bb.vu.nliwbkr

1
1‘ h
[ ]
[N] »
1 -

http://www.cs.vu.nl/~frankh
gives-lecture
24
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Formal ontologies

m A formal ontology
Is defined using a language with a formal
semantics
= well defined meaning of the language constructs
= well known rules to combine them

IS bound to a given logic theory
= first-order logic

m description logic
. "

03/07/2008 Intellisemantic, Politecnico di Torino 25



OWL - Introduction

m 4th level on the semantic web cake

B built on top of -
Rules rus

XM L Data Proof g

s

RDF/S 3

Self- A

desc. Ontology vocabulary E

dog RDF + rdfschema a

B Three versions

Lite Unicode URI
DL (maps to Description Logic)
Full (not fully tractable)

® Serializable as XML

03/07/2008 Intellisemantic, Politecnico di Torino 26



OWL.: Ontology Web Language

® OWL Light

«(sub)classes, individuals

«(sub)properties, domain, range RDF Schema
conjunction . |

“(in)equality
«cardinality 0/1 Full
“datatypes
sinverse, transitive, symmetric
=hasValue
ssomeValuesFrom
«allValuesFrom
EOWL DL %
«Negation OWL Full "

*Disjunction = Allow meta-classes etc ‘
«Full Cardinality

*Enumerated types

03/07/2008 Intellisemantic, Politecnico di Torino 27
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B Based on Description Logic

® \Well defined formal semantics
well defined rules to treat sentence meaning

well defined assumptions on the world being
modeled

® \Well known reasoning/inferencing
algorithms

Eractable, conclusions can be derived in finite
ime

® \\idely available reasoning systems
no need to re-invent the wheel

03/07/2008 Intellisemantic, Politecnico di Torino 28
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Building blocks in OWL
B Ontology declaration (XML syntax)

<rdf:RDF xmlns:owl =http://www.w3.0rg/2002/07/owl#"
xmlns:rdf ="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:xsd ="http://www.w3.0rg/2001/XMLSchema#">

B Ontology metadata (information about the
ontology)

<owl:0Ontology rdf:about="">
<rdfs:comment>An example OWL ontology</rdfs:comment>
<owl:priorVersion
rdf:resource="http://www.mydomain.org/uni-ns-old" />
<owl:imports
rdf:resource="http://www.mydomain.org/persons"/>
<rdfs:label>University Ontology</rdfs:label>

</owl:0Ontology>

03/07/2008 Intellisemantic, Politecnico di Torino 29
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|
Classes VEHICLE
B Every class is a descendant of - ' —
“lowl: Thing | LJ |
B Are defined using Paess || doneee:
“lowl:Class

<owl:Class rdf:ID="Vehicle"/> .

B Equivalence
“lowl:equivalentClass

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

<owl:equivalentClass
rdf :resource="#Automobile" />

</owl:Class>

03/07/%
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Subsumption
B Provided by

“lowl:subClassOf can

2-WHEEL 4-WHEEL
DRIVE DRIVE

E

<owl:Class rdf:ID="2-Wheel-Drive">
<rdfs:subClassOf rdf:resource="#Car"/>

</owl:Class>

03/07/2008 Intellisemantic, Politecnico di Torino 31
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Partitions
B Disjoint partition

“lowl:disjointWith ean Tauck

2-WHEEL 4-WHEEL
DRIVE DRIVE

E

<owl:Class rdf:about="#2-Wheel-Drive">

<owl:disjointWith
rdf:resource="#4-Wheel-Drive" />

</owl:Class>

03/07/2008 Intellisemantic, Politecnico di Torino 32
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Partitions
B Exhaustive partition | |

“lowl:oneOf

2-WHEEL 4-WHEEL
DRIVE DRIVE

<owl:Class rdf:ID="Car">
<owl :oneOf rdf:parseType="Collection">
<owl:Thing rdf:about="#2-Wheel-Drive"/>
<owl:Thing rdf:about="#4-Wheel-Drive"/>

</owl:oneQf>

</owl:Class>
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Attributes

B Known as “properties”

B Subdivided in

Datatype properties

= Attributes that specify a class features by means of
data (XSD datatype)

® phone, title, age
Object properties

m Attributes that define relationships between classes
(Relations)

m isTaughtBy(Class(course), Class(professor))

03/07/2008 Intellisemantic, Politecnico di Torino 34



Attributes - datatypeProperties

® Allow to describe a specific aspect of a
concept

Based on XSD data types
The range specifies the data type

The domain specifies the class to which the
property is referred

<owl:DatatypeProperty rdf:ID="age">
<rdfs:domain rdf:resource="#Person"/>

<rdfs:range rdf:resource="http://www.w3.0rg/
2001/XMLSchema#nonNegativeInteger" />

</owl:DatatypeProperty>
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Relationships

B Directed (from one concept to another, no
viceversa)
m Defined through object properties

domain
= the class(es) from which the relation departs

range
= the relation destination(s)

B Subsumption between relationships is
possible

03/07/2008 Intellisemantic, Politecnico di Torino 36



Relationships

B Example

<owl:0bjectProperty rdf:ID="isTaughtBy">
<rdfs:domain rdf:resource="#course"/>

<rdfs:range
rdf :resource="#academicStaffMember" />

<rdfs:subPropertyOf rdf:resource="#involves"/>

</owl:0bjectProperty>

03/07/2008 Intellisemantic, Politecnico di Torino 37



Instances (Individuals)

m Defined by means of
rdf:Description + rdf: Type
B No uniqgue hame assumption

If two instances have a different name or ID
this does not imply that they are different
individuals.

<academicStaffMember rdf:ID="949352">
<uni:age rdf:datatype="&xsd;integer">
39
</uni:age>
</academicStaffMember>

<rdf:Description rdf:ID="949353">
<rdf:type rdf:resource="#academicStaffMember"/>
</rdf:Description>

03/07/2008 Intellisemantic, Politecnico di Torino 38



Advanced constructs

® OWL supports several advanced constructs
to define classes and relationships

B |ntensional definition of classes

by defining constraints on attribute values
(either object or datatype properties)

<owl:Class rdf:about="#academicStaffMember">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#teaches"/>
<owl :someValuesFrom
rdf:resource="#undergraduateCourse" />
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

03/07/2008 Intellisemantic, Politecnico di Torino 39



Advanced constructs

m Cardinality

Used to fix the number of instances that can be
related

example:
m A department should have at least 10 members

<owl:Class rdf:about="#department">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasMember"/>
<owl:minCardinality
rgf:datatype="&xsd;nonNegativeInteger">
1
</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>




Special properties (1/2)

® owl: TransitiveProperty

defines a transitive property, such as "has
better grade than”, “is taller than”, or “is

ancestor of”.

B owl:SymmetricProperty

defines a symmetric property, such as “has
same grade as” or “is sibling of”.

® owl:FunctionalProperty
defines a property that has at most one value

” 13

for each object, such as “age”, "height”, or
“directSupervisor”.

03/07/2008 Intellisemantic, Politecnico di Torino
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Special properties (2/2)

® owl:InverseFunctionalProperty

defines a property for which two different
objects cannot have the same value
example

® the property “isTheSocialSecurityNumberFor”

"3 slocial security number is assigned to one person
only.

03/07/2008 Intellisemantic, Politecnico di Torino 42



OWL class constructors

imtein

Constructor DL Syntax | Example Modal Syntax
intersectionOf C1M...NCp, |HumanmMale | CiA...ACy
unionOf C1U...UCy | DoctoruLawyer |CyV...VCy
complementOf -(C -Male -C

oneOf {e1pU...U{xy} | {john} U {mary} |zqV...Vzy
allValuesFrom vP.C vhasChild.Doctor | [P]C
someValuesFrom iP.C JhasChild.Lawyer | (P)C
maxCardinality <nP <1hasChild Pl
minCardinality >nP >2hasChild (P)n

03/07/2008
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OWL axioms

Axiom DL Syntax | Example

subClassOf C1 C Oy Human C Animal 11 Biped
equivalentClass C1 =05 Man = Human n Male
disjointWith C1 E-=Cy | Male C -Female
samelndividualAs {1} ={xp} | {President Bush} ={G W Bush}
differentFrom {z1} C —{xp} | {john} C —~{peter}
subPropertyOf PIC P hasDaughter C hasChild
equivalentProperty P =P Cost = price

inverseOf Pp=PF, hasChild = hasParent™
transitiveProperty PTC P | ancestor™ C ancestor
functionalProperty TLCKIP | T L <K1lhasMother
inverseFunctionalProperty | T LC <1P~ | T C <1hasSSN™
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Open questions...
B Reasoning is only feasible for OWL-DL

limitations

m yvocabulary partition

a resource can only be a class, an object property, a
datatype property (a class cannot be at same time an
mdmdual‘})

m explicit typing
partitioning must be stated explicitly

® no transitive cardinality restrictions
transitive properties cannot have cardinality restrictions

B Some semantics is still missing

e.g. how to define what a given relation
means?
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SWRL (quick glance)
= SWRL

Semantic Web Rule Language

B Can be used to define new relationships
(thus provides their operational semantics)

® Builds on top of RDF

B Example:
Base predicates
mFather (?x, ?Vy)
B Mother (?x, ?2)
New relations (defined through SWRL)
mFather (?x, ?y)-Parent (?x, ?vy)
m Mother (?x, ?z)-Parent (?x, ?vy)
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SWRL (quick glance)

B Example 2

DomoMLPlus:Room (?x) ~
DomoMLPlus:hasWall (?x, ?2z) ~
DomoMLPlus:hasWallOpening(?z, ?y)”
DomoMLPlus:Window (?y) —
DomoMLPlus:hasWindows (?x, true)
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No ontology, no semantics

B Reuse of existing taxonomies as
ontologies

B Publicly available ontologies

Horizontal ontologies (SUMO, MILO,
WordNet, ...)

Vertical ontologies (domain-specific)

B Semi-automatic ontology learning from
resources

® Manual development / enrichment
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