Introduction to Semantic Web
Technologies

Ivan Herman, W3C
June 2274 2010

2010 Semantic
\— Technology Conference
— JUNE 21-25 SAN FRANCISCO, CA



The Music site of the BBC

BBC - Music - Eric Clapton
S| <> OO A @ | + =« http://www.bbc.co.uk/music/artists/618b6900-0618-4fle-b835-bccb17f84294 ¢ | (63~ BBC Music
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Q, Enter an artist name ...

BBC Music > Artists > Erlc Clapton

i MOST PLAYED ON EIEIE
Eric Clapton e

Born 30 March 1945.

Latest Tracks Played On The BBC

Promises
BBC Radio 2 | Ken Bruce 22/02/2010

Bad Love
BBC Radio 2 | Alex Lester 22/02/2010

Lay Down Sally
BBC Radio 2 | Chris Evans Breakfast 18/02/2010

1 Ain't Gonna Stand For It
BBC Radio 2 | Alex Lester 15/02/2010

Wonderful Tonight
BBC Radio 2 | Ken Bruce 10/02/2010

s e ciornHattarns Audio Previews From Latest Album Review

Biography Me And Mr Johnson

Mikcow's Calf Blues

Eric Patrick Clapton, CBE (born 30 March 194 nposer. Clapton has
been inducted into the Rock and Roll Hall of Fame as 2

be inducted three times. Often viewed

5) is an English blues-rock guitarist, singer, songwriter and co
olo performer, as a member of rock bands; the Yardbir

and Cream.

Come on in My Kitchen

tics and fans alike ne of the m

1

important and

Clapton is the only son ever to
influential guitarists of all time,

Tima™ and #53 an thairc lict of tha lomartale: 1

on was ranked fourth in Rolling Stone magazine's list of the * Greatest Guitarists of All

0 Craatact Acticte of All Tima,
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The Music site of the BBC

O0O6O BBC - Music - Eric Clapton
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Bluesbreakers and The Yardblrds) and psychedehc rock (with Cream) Clapton's chart success was not limited to the blues, with ':
chart-toppers in Delta Blues (Me and Mr. Johnson), pop ("Change the World™) and reggae (Bob Marley's "I Shot the Sheriff") (He is

often credited for bringing reggae and Bob Marley to the mainstream.) Two of his most successful recordings were the hit love Played By

song "Layla”, which he played with the band Derek and the Dominos, and Robert Johnson's "Crossroads”, which has been his

staple song since his days with Cream. Since December 2008

Read more at Wikipedia... Alex Lester

0 BBC Radio 2

e‘ IKIPEDIA This entry is from Wikipedia, the user-contributed encyclopedia. It may not have been rev rofessional
E r s licensed under the GNU Free Documentation License. If you find the biography content factually incorm defamatory or
1 can edit this article at Wikipedia. Find out more about our use of this data Steve Wright in the Afternoon

6 BBC Radio 2

Links & Information

Sarah Kennedy M

O BBC Radio 2

Wake Up to Wogan

e BBC Radio 2

Ken Bruce

0 BBC Radio 2

MEMBER OF Derek and the Dominos, Blind Faith (1968-1969), Cream (1966-1968), John Mayall & The Bluesbreakers (1965-

1966), The Yardbirds (1963-1965) N/
COLLABORATED ON J.J. Cale & Eric Clapton, Eric Clapton & The Immediate All Stars, Eric Clapton & The Impressions, Eric Steve Wright's Sunday Love Songs
Clapton & Jimmy Page, Eric Clapton & David Sanborn, Eric Clapton & Stan Webb's Chicken Shack, Eric Clapton & The ! BBC Radio 2
Powerhouse, Enc Clapton & Stevie Ray Vaughan, Eric Clapton & Marc Shaiman, The Dirty Mac, Bob Dylan, Roger McGuinn, 0 Ao
£ & George Harnson Jimmie Vaughan, Eric Clapton, Bonnie Raitt, Robert Cray, B.B. King,
Y 5 ric Clapton, Michael Kamen, Eric Clapton and David Sanborn, B.B. King & Eric
Clapton Mark Knopﬂer & Enc Clapton Paul Mc(@rtney & Eric Clapton, Sting with Eric Clapton, Steve Winwood & Eric Clapton
Lk Jeremy Vine
—

Links & information come from MusicBrainz. You can add or edit information about Eric Clapton at musicbrainz.org. Find out more about = 6 BBC Radio 2
our use of this data. The BBC is not responsible for the content of extemnal sites »:

Information displayed about artists played on BBC programmes is incomplete N
Latest News Stories m out more about this artist play count information M

[« Y >
______________ = = =



How to build such a site 1.

» Site editors roam the Web for new facts

» may discover further links while roaming
» They update the site manually
» And the site gets soon out-of-date @



How to build such a site 2.

» Editors roam the Web for new data published on
Web sites

» “Scrape” the sites with a program to extract the
information

» ie, write some code to incorporate the new data

» Easily get out of date again... @



How to build such a site 3.

» Editors roam the Web for new data via API-s
» Understand those...

» input, output arguments, datatypes used, etc

» Write some code to incorporate the new data

» Easily get out of date again... ®



The choice of the BBC

» Use external, public datasets
» Wikipedia, MusicBrainz, ...
» They are available as data
» not APl-s or hidden on a Web site

» data can be extracted using, eg, HT TP requests or
standard queries




In short...

» Use the Web of Data as a Content Management
System

» Use the community at large as content editors



And this is no secret...

OO0 BBC - Music - Eric Clapton

B «|[r | @ O tAl H| @] + [==hup://www.bbc.co.uk/music/artists/618b6900-0618-4fle-b835-bccb17f84294 ¢ | (€~ BBC Music %)
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MusicBrainz entry on Eric Clapton ~

MEMBER OF Derek and the Dominos, Blind Faith (1968-1969), Cream (1966-1968), John Mayall & The Bluesbreakel
1966), The Yardbirds (1963-1965)

COLLABORATED ON J.J. Cale & Eric Clapton, Eric Clapton & The Immediate All Stars, Eric Clapton & The Impression:
Clapton & Jimmy Page, Eric Clapton & David Sanborn, Eric Clapton & Stan Webb's Chicken Shack, Eric Clapton & T
Powerhouse, Eric Clapton & Stevie Ray Vaughan, Eric Clapton & Marc Shaiman, The Dirty Mac, Bob Dylan, Roger |
Tom Petty, Neil Young, Eric Clapton & George Harrison, Jimmie Vaughan, Eric Clapton, Bonnie Raitt, Robert Cray, B.I
Buddy Guy, Dr. John & Art Neville, Elton John & Eric Clapton, Michael Kamen, Eric Clapton and David Sanborn, B.B.
Eric Clapton, Mark Knopfler & Eric Clapton, Paul McCartney & Eric Clapton, Sting with Eric Clapton, Steve Winwood
Clapton

Links & information come from MusicBrainz. You can add or edit information about Eric Clapton at musicbrainz.org. Find ot more abou

0 sadaiamihe. BB not responsible for the content of external sites

Latest News Stories

NEWS FROM THE BBC

Clapton recovering after surgery

Tue 27 Oct 2009 17:46 Musician Eric Clapton is recuperating after having an operation to remove gallstones,...




Data on the Web

» There are more an more data on the VWeb

» government data, health related data, general knowledge,
company information, flight information, restaurants,...

» More and more applications rely on the availability
of that data



ut... data are often in isolation, “silos”

Photo credit Alex (ajagendorf25), Flickr W3C Np Semantic

~



Imagine...

» A “Web” where

» documents are available for download on the Internet

» but there would be no hyperlinks among them

W3f“ Semantic
v W web 12



And the problem is real...

eoMozllafarerox:

Bookmarks Tools Help

Gollationiofiontical Data Moz lladarnerox: ~

History Bookmarks Tools Help
: Cell Centered Data
: :. |$7 .;,f .’( ( 7 A httDZ.’ National Center for Microscopy and Imaging Resear;

Data | Search | Gallery | Dictionary

CoCoDat: Collation %f Cortical [s
k./ )I‘:"_j'IJ]‘LE: =-J-

w W ( 7 E| http: fjccdb.ucsd.edu/sand /main?event=gallery&action=show&dpl=y

microcircuitry] Data

CoCcDat is a micrecircuitry database tha
published experimental reports. The data
and cellular compartment), as well as the

Morphology

Firing properties
lonic currents

lonic conductances
Synaptic currents
Connectivity

The database is available for downlead u
data tables but also a Search Board with
manual or automatic relaxation of the sea

ayer
Neurcn type

:/fwww.cocomac.orgfcocodat/catalyzerfind

ymenroniSOyverviewl A ) Eozalladarneiox:

xallery

| Publications | MyCCDB | Data Download | Contact us | Hell

File Edit View History Bookmarks Tools Help o
Q - - ) B & £ Ye (1 @ nhttp:/jsenselab.med. yale.ed. | ¥ a % W7 | senselab PO -
e
=
NeuronDB
—
Back Thalamic relay neuron
Mode: Overview Data/Search plus Connectivity plus Classical References/Notes Models
- D|st_a| Mlddle Pro>_<|mal cvar Nevan bevar Al
Region: equivalent equivalent equivalent Soma ek Ioer Feomel kesnmersinene
dendrite dendrite dendrite P
Properties: Receptors Channels Transmitters All Properties

Interoperation:

Neuron type:
Organism:

Done

Gene and Chromosome Experimental Data (neurodatabase.org) Microscopy Data (CCDB)

principal
Vertebrates

1. Equivalent dendrite

Ded ) _ Distal equivalent

“ dendrite

_ Middle equivalent

* dendrite

_ Proximal equivalent
“ dendrite

Dep.

5.Soma

Show
other
Show
other
Show
other
Show
other
Show
other

2@ -

I

WiCas
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Data on the Web is not enough...

» We need a proper infrastructure for a real Web of
Data

» data is available on the Web

accessible via standard Web technologies

» data are interlinked over the Web

» ie, data can be integrated over the Web

» This is where Semantic VWeb technologies come in



A Web of Data unleashes now applications

O0O0 Unlocking innovation | data.gov.uk

@ | « | > O O A EE O+ ldhttp://data.gov.uk/ ¢ | (*F Google
bitly To Mendeley TinyURL To Faviki

] Netvibesv Feedly Socialv Privatev Mailing lists¥ SWv Pythonv RDFait'v Bookmarkletsv Add Zemanta

@ HM Government data.gov.uk :

Home Blog Data SPARQL Apps Ideas Forum Wiki Resources About

Unlocking innovation

Working with UK Public Sector
information and data

Advised by Sir Tim Bemers-Lee and Professor Nigel Shadbolt and others, govemment are opening up data for ré
site seeks to give a way into the wealth of government data and is under constant development. We want to work with you to

make it better. Password: *
We're very aware that there are more people like you outside of govemment who have the skills and abilities to make
wonderful things out of public data. These are our first steps in buikding a collaborative relationship with you.

Log In

» Request new password

Search Data Browse for Data

List all datasets

Enter keyword(s) What is the
Semantic Web?

Common tags

e.g. education, NHS, crime, transport, environment

Powered by: CKAN

Most Recent Apps View all apps +




A nice usage of UK government data

Data.gov.uk Newspaper | Newspaper Club

[t 4[> ® O A i @ + | hutp://blog.newspaperclub.co.uk/2009/10/16/data-gov-uk-newspaper/ E ¢ | (@~ Dogpile
[ Netvibesv Feedly Socialv Privatev Mailing listsv SWv Pythonv RDFait!'v Bookmarkletsv Add Zemanta bitly To Mendeley TinyURL To Faviki

Newspaper

Data,gov.uk Newspaper

Over the last three days we’ve been working on a side project. A design
exercise if you like.

We've been thinking about the beta Data.gov.uk repository, and wanted to
explore putting some of the information contained within into people’s hands in
a form that is accessible, timely, and relevant.

And perhaps unsurprisingly, we thought a good way to do that was with a
newspaper. So here it is, the Postcode Paper:

It's a prototype of a service for people moving into a new area. In our exercise
we imagined you might receive it after paying your council tax for the first time.

It gathers information about your area, such as local services, environmental
information and crime statistics.

This is a post by Tom from the Newspaper Club
Blog. File under case studies.

We're building a service to help people make
their own newspapers. This is the blog where
we're alarmingly honest about where it's all going
wrong. And occasionally smug about where it's
going right.

You can stick your name
WIER(E IN on the beta invite list here.

AE B EVA

Search

Search

£ Subscribe via RSS

Archives
January 2010
December 2009
November 2009
October 2009
September 2009
August 2009
July 2009

June 2009

Filed under
4ip (3)

art (8)

case studies (9)
engineering (5)
fulfillment etc (2)
investors (2)
media (1)
printers (6)

"

-’
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In what follows...

» We will use a simplistic example to introduce the
main Semantic VWeb concepts



The rough structure of data integration

» Map the various data onto an abstract data
representation

» make the data independent of its internal
representation...

» Merge the resulting representations

» Start making queries on the whole!

» queries not possible on the individual data sets



We start with a book...

‘A DOCTOR ZHIVAGO FOR THE FAR EAST’ THE INDEPENDENT

Amitav Ghosh
THE GLASS PALACE

The magnificent, poignant, fascinating novel of three generations
that starts in Mandalay ...

¥ 92 Semantic
%v .'Web 19



A simplified bookstore data
(dataset “A”)

ID Author | Title Publisher Year
ISBN 0-00-6511409-X id_xyz The Glass Palace id_qpr 2000
ID Name Homepage
id_xyz Ghosh, Amitav http://www.amitavghosh.com
ID Publisher’s name City
id_qpr Harper Collins London

Semantic
#Wweb 20



1st: export your data as a set of relations

a:title

a-_year

a:cijt
y a:author

e
a:p_nam

—

a:homepage




Some notes on the exporting the data

» Relations form a graph

I”

» the nodes refer to the “real” data or contain some literal

» how the graph is represented in machine is immaterial
for now



Some notes on the exporting the data

» Data export does not necessarily mean physical
conversion of the data

» relations can be generated on-the-fly at query time
via SQL “bridges”
scraping HTML pages
extracting data from Excel sheets

etc.

» One can export part of the data



Same book in French

Semantic
¥ Web 24

ﬁ
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Another bookstore data
(dataset “F”)

A B C D
' ID Titre Traducteur Original
2 |ISBN 2020286682 Le Palais des Miroirs FAI2$ ISBN 0-00-6511409-X
3
4
5
: ID Auteur
7 ISBN 0-00-6511409-X  $AI1$
8
9
i Nom
"' Ghosh, Amitav
12

Besse, Christianne

WSP‘ Semantic
v W Web 25



2nd: export your second set of data

http://...isbn/000651409X Le palais des miroirs

http://...isbn/2020386682

f:traducteur

f:nom

Ghosh, Amitav

Besse, Christianne

W3f‘ Semantic
v WP Web 26



3™ start merging your data

a-_year
)
s
a:city 29
a:author
a-_p—\’\ame

a:name http://...isbn/000651409X
a:homepage

~
o, - o
. Le palais des miroirs
%
2

&

f:auteur
http:/l...isbn/2020386682
f:traducteur
f:nom
f:nom
Ghosh, Amitav

Besse, Christianne




3™d: start merging your data (cont)

accity a‘.?“b\-\s“e S a m e U R I -’

a: p—\’\ame

a:name

a:homepage

Le palais des miroirs

/'9
%,
%
>

f:auteur

http://...isbn/2020386682

f:traducteur

f:nom

Besse, Christianne




3™ start merging your data

a:year

)
e
a:cj ‘9“‘0\\
-Clty -5
a:author,
a:p—name

a:name

a:homepage

f:nom

}. bn/000651409X

f:original

f:auteur

Le palais des miroirs

&

http://...isbn/2020386682

f:traducteur

Ghosh, Amitav

f:nom

Besse, Christianne




Start making queries...

» User of data “F”’ can now ask queries like:

» “give me the title of the original”

well, ... « donnes-moi le titre de I'original »
» This information is not in the dataset “F”...
» ...but can be retrieved by merging with dataset “A”’!




However, more can be achieved...

» We “feel” that a:author and f:auteur should be the
same

» But an automatic merge doest not know that!

» Let us add some extra information to the merged
data:

» a:author same as f:auteur
» both identify a “Person”

» a term that a community may have already defined:

a “Person” is uniquely identified by his/her name and, say,
homepage

it can be used as a “category” for certain type of resources



3 revisited: use the extra knowledge

a:title

f:original

Le palais des miroirs

X
e
a:cj ‘9“‘0\\

B Clty -5

(@

a:author, http://...isbn/2020386682
a:p_name f:auteur P

r:itype
a:name r:type
http://...foaf/Person

a:homepage,

f:nom

f:traducteur

f:nom

Besse, Christianne

, Amitav




Start making richer queries!

» User of dataset “F’ can now query:

» “donnes-moi la page d’accueil de 'auteur de l'original”

9

well... “give me the home page of the original’s ‘auteur
» The information is not in datasets “F” or “A”...
» ...but was made available by:

» merging datasets “A” and datasets “F”
» adding three simple extra statements as an extra “glue”




Combine with different datasets

» Using, e.g., the “Person”, the dataset can be
combined with other sources

» For example, data in Wikipedia can be extracted
using dedicated tools

» eg,the” "’ project can extract the “infobox”
information from Wikipedia already...



Merge with Wikipedia data

a:title

Le palais des miroirs

f:original
X
\)‘O\'\s“e ‘.{\\‘e
a:city 2:° :
a:author http:/l...isbn/2020386682
a:p_name f:auteur i
r:type f:traducteur
a:name r:itype
a:homepage http:/l...foaf/Person
f:nom ; .

f:nom
r:itype

Besse, Christianne

w:reference

http://dbpedia.org/../Amitav_Ghosh

A ti
WAL R e



Merge with Wikipedia data

a:title

Le palais des miroirs

f:original
X
\)b\'\s“e ‘.{\\‘e
a:city 2:° ;
a:author, http:/I...isbn/2020386682
a:p_name f:auteur i
r:type f:traducteur
a:name r:itype
a:homepage http://...foaf/Person
f:nom L .
f:nom
r:itype

w:isbn o
| Besse, Christianne

-|osh, Amitav
foaf-nam w:reference http:lldbpedia.orgl../The_GIass_PaID

w:author_of

http://dbpedia.org/../Amitav_Ghosh

http://dbpedia.org/../The_Hungry_Tide

w:author_of

w:author_of

http://dbpedia.org/../The_Calcutta_Chromosome

V' = Semantic
W3C Npwerns:




Merge with Wikipedia data

[ The Glass Palace Je——
y://...isbn/000651409X
ob\‘\s“e‘
a:city 29
S a:author,
a:p_nam f:auteur

r:itype
a:name

e a:homepage

r:itype

lsh, Amitav

foaf:nam

w:reference

http://...foaf/Person

Le palais des miroirs

f:original

http:/I...isbn/2020386682

f:traducteur

Besse, Christianne

r:itype

f:nom

w:isbn |

http:lldbpedia.orgl..lThe_GIass_PaID

w:author_of

http://dbpedia.org/../Amitav_Ghosh w:born in

w:author_of

http://dbpedia.org/../Kolkata i

http://dbpedia.org/../The_Hungry_Tide

w:long
w:author_of

http://dbpedia.org/../The_Calcutta_Chromosome

w:lat

V' = Semantic
W3C WP Web 37



[s that surprising?

» It may look like it but, in fact, it should not be...

» What happened via automatic means is done every
day by Web users!

» The difference: a bit of extra rigour so that
machines could do this, too



[t could become even more powerful

» We could add extra knowledge to the merged
datasets

» e.g.,a full classification of various types of library data
» geographical information

» etc.

» This is where ontologies, extra rules, etc, come in

» ontologies/rule sets can be relatively simple and small, or
huge, or anything in between...

» Even more powerful queries can be asked as a
result



What did we do?

Manipulate
Applications Quers
7 Map,
Data represented in abstract format Expose,

HDD o o [ e
T = = == ===
I — N — N — | I I N S
I — N — N — | I I N A —
[T
DalaAn VAl OUS OS2 e e T s  Fbret e S ot e A g 3B IV 7

¥ 92 Semantic
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So where is the Semantic Web?

» The Semantic Web provides technologies to make
such integration possible!

» Hopefully you get a full picture at the end of the
tutorial...



The Basis: RDF



RDF triples

» Let us begin to formalize what we did!
» we “connected” the data...

» but a simple connection is not enough... data should be
named somehow

» hence the RDF Triples: a labelled connection between
two resources

W3f‘ Semantic
v WP wWeb 43



RDF triples (cont.)

» An RDF Triple (s,p,0) is such that:

» “s”,“p” are URI-s, ie, resources on the Web;“0” is a URI
or a literal

“ Y ¢¢_ Y

,“p”’,and “o” stand for “subject”,

» here is the complete triple:

) ¢

property’, and “object”

(<http://..isbn..6682>, <http://../original>, <http://..isbn..409X>)

» RDF is a general model for such triples

» with machine readable formats like RDF/ XML,
Turtle, N3, RDFa, ...

W3 Semantic
v W wWeb 4



RDF triples (cont.)

» Resources can use any URI
» http://www.example.org/file.html#home
» http://www.example.org/file2. xml#xpath(//q[@a=b])
» http://www.example.org/form?a=b&c=d

» RDF triples form a directed, labeled graph (the best
way to think about them!)



A simple RDF example (in RDF/XML)

Le palais des miroirs

http://...isbn/000651409X

<rdf:Description rdf:about="http://../isbn/2020386682">
<f:titre xml:lang="fr">Le palais des mirroirs</f:titre>
<f:original rdf:resource="http://./isbn/000651409X" />

</rdf:Description>

(Note: namespaces are used to simplify the URI-s)

WSP‘ Semantic
« WP Web 46



A simple RDF example (in Turtle)

Le palais des miroirs http://...isbn/000651409X

<http://../isbn/2020386682>
f:titre "Le palais des mirroirs"Q@fr ;
f:original <http://../isbn/000651409X> .

W3f" Semantic
v W wWeb 47



A simple RDF example (in RDFa)

Le palais des miroirs http://...isbn/000651409X

<p about="http://../isbn/2020386682">The book entitled

“<span property="f:title" lang="fr">Le palais des mirroirs</span>”
is the French translation of the

“<span rel="f:original" resource="http://../isbn/000651409X">Glass
Palace</span>"</p> .

W3f" Semantic
« WP Web 48



“Internal” nodes

» Consider the following statement:

» “the publisher is a «thing» that has a name and an
address”

» Until now, nodes were identified with a URI. But...
» ...what is the URI of «thing»?

London a.city
a:publisher ]
http://...isbn/000651409X
e
Harper Collins a__p’naﬂ‘




One solution: create an extra URI

» The resource will be “visible” on the Web

» care should be taken to define unique URI-s

<rdf:Description rdf:about="http://../isbn/000651409X">
<a:publisher rdf:resource="urn:uuid:f60£ffb40-307d-.."/>

</rdf:Description>

<rdf:Description rdf:about="urn:uuid:£f60£ffb40-307d-..">
<a:p name>HarpersCollins</a:p name>
<a:city>HarpersCollins</a:city>

</rdf :Description>

Semantic
#Web 50



Internal identifier (“blank nodes”)

<rdf:Description rdf:about="http://../isbn/000651409X">
<a:publisher rdf:nodeID="A234"/>

</rdf :Description>

<rdf:Description rdf:nodeID="A234">
<a:p _name>HarpersCollins</a:p name>
<a:city>HarpersCollins</a:city>

</rdf:Description>

<http://../isbn/2020386682> a:publisher :A234.
_:A234 a:p name "HarpersCollins".

Internal = these resources are not visible outside

London

a:publisher ]
http://...isbn/000651409X

W3f" Semantic
v ’ Web 51
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Blank nodes: the system can do it

» Let the system create a “nodelD” internally (you do
not really care about the name...)

<http://../isbn/000651409X> a:publisher [
a:p name "HarpersCollins";

London a.city
a:publisher ]
http://...isbn/000651409X
e
Harper Collins alp/“am

WSP‘ Semantic
v WWweb 52




Blank nodes when merging

» Blank nodes require attention when merging

» blanks nodes with identical nodelD-s in different graphs
are different

» implementations must be careful...



RDF in programming practice

» For example, using Java+]ena (HP’s Bristol Lab):
» a“Model” object is created
» the RDF file is parsed and results stored in the Model

» the Model offers methods to retrieve:
triples
(property,object) pairs for a specific subject
(subject,property) pairs for specific object

etc.

» the rest is conventional programming...

» Similar tools exist in Python, PHP, etc.



Jena example

// create a model

Model model=new ModelMem() ;

Resource subject=model.createResource ("URI_of Subject")

// 'in' refers to the input file

model.read (new InputStreamReader (in)) ;

StmtIterator iter=model.listStatements (subject,null, null)

while (iter.hasNext()) {
st = iter.next();

= st.getProperty () ;

= st.getObject() ;

p
o
do_something(p,o0) ;
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Merge 1n practice

» Environments merge graphs automatically
» e.g,in Jena, the Model can load several files
» the load merges the new statements automatically

» merge takes care of blank node issues, too
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Another relatively simple application

Internal Compound Repurposing Example @

« Goal: reuse of older Vo et Tt

This o alows you 10 ety coportunitio foe addtional uses of compounds feom Other Teams within your propct, 11 consbenes it duta, poblie dats and the reudts of dats sereng
expenments 10 provide testable bypotheses.

experimental data

2% Vo iNacsne 179 Mas Cdana Nawboud 100 Bt o Ll

LN Err  Avsanadde
Internal Compound Repurposing Example

. Ke e P d ata i n d ata bas e S Welcome, Allergy & Respiratory Team Member @
s tood allows you 10 Kty cpportunitio foe addtional uses of compounds fom other Teams within your propect, 11 (oesbenes ntermad dats, publc dats and the reudts of aee sewsy
maperiments 10 prowide testable bypotheses
[ ]
or XML, just export
Area ' f,~’ th ‘ 18‘"_"?2_(_"‘30" 19 \LV_SQMF_RMM [«'A L.te::,u;fm*s
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Urogenitals 24 TOaC Phase 11

=« Use a faceted browser . . 1 i
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Courtesy of Nigel Wilkinson, Lee Harland, Pfizer Ltd, Melliyal Annamalai, Oracle (SWEO Case Study) R e



One level higher up

(RDFS, Datatypes)



Need for RDF schemas

» First step towards the “extra knowledge”:
» define the terms we can use
» what restrictions apply
» what extra relationships are there!
» Officially: “RDF Vocabulary Description Language”

» the term “Schema” is retained for historical reasons...



Classes, resources, ...

» Think of well known traditional vocabularies:
» use the term “novel”
» “every novel is a fiction”
» “«The Glass Palace» is a novel”
p etc.

» RDFS defines resources and classes:
» everything in RDF is a “resource”
» “classes” are also resources, but...

» ...they are also a collection of possible resources (i.e.,
“individuals”)

9 ¢¢

“fiction”, “novel’, ...
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Classes, resources, ... (cont.)

» Relationships are defined among resources:

» “typing’: an individual belongs to a specific class
“«The Glass Palacey is a novel”
to be more precise: “«http://.../000651409X» is a novel”

» “subclassing”: all instances of one are also the instances
of the other (“every novel is a fiction”)

» RDFS formalizes these notions in RDF



Classes, resources in RDF(S)

] rdf:type
http:ll...lsanOOOGS%/

» RDFS defines the meaning of these terms

» (these are all special URI-s, we just use the namespace
abbreviation)




Inferred properties

http://... lsbn1000651409)(/

(<http://../isbn/000651409X> rdf:type #Fiction)

» is not in the original RDF data...
» ...but can be inferred from the RDFS rules

» RDFS environments return that triple, too
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Inference: let us be formal...

» The RDF Semantics document has a list of (33)
entailment rules:
» “if such and such triples are in the graph, add this and
this”
» do that recursively until the graph does not change

» The relevant rule for our example:

If:
uuu rdfs:subClassOf xxx .
vvv rdf:type uuu .

Then add:
vvv rdf:type xxx .



Properties

» Property is a special class (rdf:Property)

» properties are also resources identified by URI-s

» There is also a possibility for a “sub-property”

» all resources bound by the “sub” are also bound by the
other

» Range and domain of properties can be specified

» i.e., what type of resources serve as object and subject



Example for property characterization

:title
rdf: type rdf : Property;
rdfs:domain :Fiction;
rdfs:range rdfs:Literal.



What does this mean?

» Again, new relations can be deduced. Indeed, if

:title
rdf: type rdf : Property;
rdfs:domain :Fiction;
rdfs:range rdfs:Literal.

<http://../isbn/000651409X> :title "The Glass Palace" .

» then the system can infer that:

<http://../isbn/000651409X> rdf:type :Fiction .
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Literals

» Literals may have a data type
» floats, integers, booleans, etc, defined in XML Schemas
» full XML fragments

» (Natural) language can also be specified



=

xamples for datatypes

<http://../isbn/000651409X>
:page_number "543"“*xsd:integer ;
:publ date "2000"**xsd:gYear ;
:price "6.99"**xsd:float .
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A bit of RDFS can take you far...

» Remember the power of merge?

» We could have used, in our example:

» f:auteur is a subproperty of a:author and vice versa
(although we will see other ways to do that...)

» Of course, in some cases, more complex knowledge
is necessary (see later...)



Find the right experts at NASA

= Expertise locater for nearly 70,000 NASA civil

servants,

= integrate 6 or 7 geographically distributed databases, ...

m MO

File Options Bookmarks Advanced Help

L] roe CELEL

POPS v.28.3 - Connected to 'POPS on FatDuck' - Using Model 'POPS on FatDuck Model' - Logged in as 'Michael Grove'

[ o 2] L od »] > 2] >
ARC + | |Mars Global Surveyor + | |Astrobiology s | |Jeanne M S W
DFRC Mars Odyssey 2001 Astronomy and Astrophysics
GRC Mars R&A Climate Change and Variability
GSEC Mars Reconnaissance Orbiter 2005 (... Earth Atmosphere
HQ Messsenger Earth Science Applications Research
v Minor Revital Earth System Modeling
JPL Mission Operations [ )| | Fiuid Physics ~
JSC Mission Science Guest Investigator Fundamental Physics
KsC n Mission Success - Center Specific Geop hysical/CGeologic Science
LARC Multi-Mission Operations Geospatial Science and Technologies
MN: NMP Program Management and Futur... « Icing Physics
MSFC * | |NPOFSS Pranaratary Praiart (NPPY * | |Laser Technology Y
Source: x500 Source: WIMS Source: CMS Sourc
i€ Y T

View Different Social Network's Present in the Data

womaonpan

:gu'me M

Skill: Earth S:ien\cgs Competency Suite

Project: Center Investment Accounts \_yMltnzeI H Grove
\ .
Facility: HQ— Name:  Michael Grove
1 > Email: @nasa.
: - Phone: 301.
jettrey T Employer: Clark and Parsia
lof 1

= Same Skill and Same Department
- Same Skill and Same Project

—— Same Skill, Project, and Facility
—— Am | Connected?

[ Social Net |

Michael Grove, Clark & Parsia, LLC, and Andrew Schain, NASA, (SWEO Case Study)
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How to get and create RDF Data?



Simple approach

» Write RDF/ XML, RDFa, or Turtle “manually”

» In some cases that is necessary, but it really does
not scale...



RDF with XHTML

» Obviously, a huge source of information

» By adding some “meta” information, the same
source can be reused for, eg, data integration, better
mashups, etc

» typical example: your personal information, like address,
should be readable for humans and processable by
machines



RDF with XML/ (X)HTML (cont)

» Two solutions have emerged:

» use microformats and convert the content into RDF
XSLT is the favorite approach

» add RDF-like statements directly into XHTML via RDFa



Bridge to relational databases

» Data on the Web are mostly stored in databases
» “Bridges” are being defined:

» a layer between RDF and the relational data
RDB tables are “mapped” to RDF graphs, possibly on the fly

different mapping approaches are being used

» a number RDB systems offer this facility already (eg,
Oracle, OpenlLink, ...)

» W3C is working on a standard in this area






Linked Open Data Project

» Goal:“expose” open datasets in RDF

» Set RDF links among the data items from different
datasets

» Set up, if possible, query endpoints



Example data source: DBpedia

» DBpedia is a community effort to
» extract structured (“infobox”) information from
Wikipedia
» provide a query endpoint to the dataset

» interlink the DBpedia dataset with other datasets on the
Web

Freie Universitat 3}
.

r/‘;' OPEN! INK

— S OFTWARE
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Extracting structured data from Wikipedia

@prefix dbpedia <http://dbpedia.org/resource/>.
@prefix dbterm <http://dbpedia.org/property/>.

dbpedia:Amsterdam
dbterm:officialName "Amsterdam" ;
dbterm:longd "4” ;

Country
dbterm:longm "53" ; e

- Type
- Mayor

dbterm:longs '"32"” ; - Akdormen

dbterm: leaderName dbpedia:Lodewijk Asscher ;

- Secretary

Area [2][3]

- City

- Land
dbterm:areaTotalKm "219" ; Bl

- Metro

Elevation [4]
L] L] L]

Netherlands
North Holland

Municipality

Job Cohenl!] (PvdA)
Lodewijk Asscher
Carolien Gehrels
Tjeerd Herrema
Maarten van Poelgeest
Marijke Vos

Erik Gerritsen

219 km? (84.6 sq mi)
166 km* (64.1 sq mi)
53 km? (20.5 sq mi)
1,003 km?* (387.3 sq mi)
1,815 km?* (700.8 sq mi)

2m (7 f)

Population (1 October 2008)[51(€]

dbpedia:ABN AMRO - Density
- - Urban
- Metro

dbterm:location dbpedia:Amsterdam ; - Demonym

Time zone
- Summer (DST)

Postcodes
Area code(s)

Website: www

755,269

4.459/km* (11,548.8/sq mi)

1,364,422
2,158,372
Amsterdammer
CET (UTC+1)
CEST (UTC+2)
1011 -1109
020

amsterdam.nl &

W3C
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Automatic links among open datasets

<http://dbpedia.org/resource/Amsterdam> <€
owl:sameAs <http://rdf.freebase.com/ns/...> ;

owl:sameAs <http://sws.geonames.org/2759793> ;

\ 4
<http://sws.geonames.orqg/2759793>

owl:sameAs <http://dbpedia.org/resource/Amsterdam>
wgs84 pos:lat "52.3666667" ;

wgs84 pos:long "4.8833333";
geo:inCountry <http://www.geonames.org/countries/#NL> ;

Processors can switch automatically from one to the other...
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The LOD “cloud”, June 2009
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Remember the BBC example?

BBC - Music - Eric Clapton
|

> 1O O] [h

® 4+ |es http://www.bbc.co.uk/music/artists/618b6900-0618-4fle-b835-bccb17f84294 ¢ | (63~ BBC Music

(o)
[ Netvibesv Feedly Socialv Privatev Mailing lists¥ SWv Pythonv RDFait'v Bookmarkletsv Add Zemanta bitly To Mendeley TinyURL To Faviki Dokuwiki

BBC Muslc > Artists > Eric Clapton

GENRES ARTISTS REVIEWS NEWS BLOG

Eric Clapton

Born 30 March 1945.

David Redfern/Redferns

Biography

Eric Patrick Clapton, CBE (born 30 March 1945) is an English blues-rock guitarist, singer, songwriter and composer. Clapton has
been inducted into the Rock and Roll Hall of Fame as a solo performer, as a member of rock bands; the Yardbirds and Cream.

Clapton is the only person ever to be inducted three times. Often viewed by critics and fans alike as one of the most important and
influential guitarists of all time, Clapton was ranked fourth in Rolling Stone magazine’s list of the "100 Greatest Guitarists of Al

Tima™ and #53 an thaic lict of tha loamactale: 100 Graatact Articte of All Tima

Q, Enter an artist name ...

MOsT PLAYED ON EIEIE
RADIO

Latest Tracks Played On The BBC

Promises
BBC Radio 2 | Ken Bruce 22/02/2010

Bad Love
BBC Radio 2 | Alex Lester 22/02/2010

Lay Down Sally
BBC Radio 2 | Chris Evans Breakfast 18/02/2010

I Ain't Gonna Stand For It
BBC Radio 2 | Alex Lester 15/02/2010

Wonderful Tonight
BBC Radio 2 | Ken Bruce 10/02/2010

Audio Previews From Latest Album Review

Me And Mr Johnson
Mikcow's Calf Blues

Come on in My Kitchen

P K el

e Semantic
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NYT articles on university alumni

Who Went Where

Hirek  Social * Private~ Mailing lists SW~ Python~ RDFait!~

Bookmarklets «

bitly To Mendeley TinyURL To Faviki Dokuwiki MID

] Who Went Where +

Ehe New Yok Times

Linked Open Data“**

View Application Source

Alumni In The News

Enter a school name below
and see our coverage of that school's alumni.

Harvard University

Henry Kissinger
Born: May 27, 1923

7
{ mgvey ™| Freedase | \

Jacques Chirac
Born: November 29, 1932

§i

Twa ~

Kennedy, John Fitzgerald
Rarmn: Mayv 2Q 1017

Harvard University

Henry Kissinger Is Released From Hospital in South Korea - March 15, 2010
Got Your Back - July 19, 2009
SPORTS OF THE TIMES; Kissinger's Soccer Diplomacy - March 31, 2009

THE TV WATCH; A Question Reprised, but the Words Come None Too Easily for Palin - September 26
2008

OP-ED COLUMNIST; Park Avenue Diplomacy - September 24, 2008

Palin Will Meet With Kissinger and Foreign Leaders - September 22, 2008

Using Star Power to Repair Nigeria's Image - July 10, 2008

OP-ED CONTRIBUTOR,; Listening to Compromise - July 08, 2008

EDITORIAL OBSERVER; Thinking the Unthinkable: A World Without Nuclear Weapons - June 30, 2008
ON THE WHITE HOUSE; One Trip, Dual Purposes - April 27, 2008

Chirac Faces New Inquiry On Charges Of Corruption - December 19, 2009

Ex-Leader Of France Faces Trial - October 31, 2009

French Power Elite Face a Fall From Grace - October 28, 2009

French President Raises Eyebrows With Remark on a Contentious Political Trial - September 25, 2009

INSIDE EUROPE; Order to Pay Back Farm Subsidies Comes at a Bad Time for France - August 11,
2009

WORLD BRIEFING | EUROPE; France: Chirac Creates Foundation - June 10, 2008
Putin Maintains Presidential Air in Paris Trip - May 31, 2008

A Statesman Without Borders - February 03, 2008

Chirac Under Investigation for Misuse of Funds as Paris Mayor - November 22, 2007
Correction: For the Record - November 05, 2007

ESSAY; The Making of the President, Then and Now - March 21, 2010
| net in Tima | aMare Cantiira Amariran (riaf Far o Dracidant - March 002040




Query RDF Data
(SPARQL)



Querying RDF graphs

» Remember the Jena idiom:

StmtIterator iter=model.listStatements (subject,null,f null);
while (iter.hasNext()) {

st = iter.next () ;

p = st.getProperty(); o = st.getObject() ;

do something(p,o0);

» In practice, more complex queries into the RDF data are
necessary

» something like “give me (a,b) pairs for which there is
an x such that (x parent a) and (b brother x)
holds” (ie, return the uncles)

» The goal of SPARQL (Query Language for RDF)
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Analyze the Jena example

StmtIterator iter=model.listStatements (subject,null,f null);
while (iter.hasNext()) {
st = iter.next () ;
p = st.getProperty(); o = st.getObject();
do_something(p,o0) ;

< subject
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General: graph patterns

» The fundamental idea: use graph patterns

» the pattern contains unbound symbols

» by binding the symbols, subgraphs of the RDF graph are
selected

» if there is such a selection, the query returns bound
resources



Our Jena example in SPARQL

SELECT ?p %o
WHERE {subject ?p 7?0}

» The triples in WHERE define the graph pattern, with ?
p and ?o “unbound” symbols

» The query returns all p,o pairs

< subject




Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.}

Ghosh, Amitav

a:author a:author

http://...isbn/000651409X

a:price

http://...isbn/2020386682

a:price

a:price a:price

rdf:value p:currency rdf:value p:currency rdf:value p:currency rdf:value p:currency

'y Semantic
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Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.}

Returns: [<...409X>,33,:£]

Ghosh, Amitav

a:author a:author

http://...isbn/000651409X

T

http://...isbn/2020386682

a:price

a:price a:price a:price

rdf:value p:currency rdf:value p:currency rdf:value p:currency rdf:value p:currency

e Semantic
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Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.}

Returns: [<...409X>,33,:£], [<...409X>,50,:€]

Ghosh, Amitav

a:author

~.__ a:author

http://...isbn/000651409X

http://...isbn/2020386682

a:price

a:price

rdf:value p:currency rdf:value p:currency
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Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.}

Returns: [<...409X>,33,:£], [<...409X>50,:€],
[<...6682>,60,:€]

Ghosh, Amitav

http:ll...isbn/2020386682®
/\

a:price a:price

a:author

~.__ a:author

http://...isbn/000651409X
/\

p:currency rdf:value

rdf:value p:currency p:currency p:currency
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Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.}

Returns: [<...409X>,33,:£], [<...409X>50,:€],
[<...6682>,60,:€], [<...6682>,78,:$]

Ghosh, Amitav

a:author

XY ' IS
http://...isbn/2020386682
/\
eyl g o x

~.__ a:author

http://...isbn/000651409X
/\

p:currency rdf:value

rdf:value p:currency

(8 Semantic
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Pattern constraints

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE { ?isbn a:price ?x. ?x rdf:value ?price. ?x p:currency ?currency.
FILTER (?currency == :€) }

Returns: [<...409X>,50,:€], [<...6682>,60,.€]

Ghosh, Amitav

http://.. .isbn/20203866823
/\

a:price a:price

a:author a:author

http://...isbn/000651409X

rdf:value p:currency rdf:value p:currency rdf:value p:currency rdf:value p:currency
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Many extra SPARQL features

» Limit the number of returned results; remove
duplicates, sort them, ...

» Optional branches: if some part of the pattern does
not match, ignore it

» Specify several data sources (via URI-s) within the
query (essentially,a merge on-the-fly!)

» Construct a graph using a separate pattern on the
query results

» In SPARQL |.1: updating data, not only query



SPARQL usage in practice

» SPARQL is usually used over the network

» separate documents define the protocol and the result
format

SPARQL Protocol for RDF with HTTP and SOAP bindings
SPARQL results in XML or JSON formats

» Big datasets often offer “SPARQL endpoints” using
this protocol
» typical example: SPARQL endpoint to DBpedia



SPARQL as a unifying point

Triple store

RDF Graph

|

SPARQL Processor

T

NLP Techniques

Unstructured Text

SPARQL Endpoint

Database

O
050
SQL&RDF

”DE

XML/XHTML

Relational
Database
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Integrate knowledge for Chinese Medicine

» Integration of a large number of TCM databases
» around 80 databases, around 200,000 records each

M Dart User Toolkits

3. User drags tables and

File Edit Seareg Search ¥indow Help
< g classes into this panel, Om-Q NRAG O Yo weanWnBAED
£ 1. Display and establishs their - FAr TerTR R o— v Qe o~
® DbRes Tree Vier| rolational % 1y seareg & mappings.One table is Dutline X B Qo ined sussisbedi ol -
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likely to be mapped to 51. ZT_VIEY_ZHENJIULF /~ P — e o = -
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Courtesy of Huajun Chen,

Zhejiang University, (SWEO Case Study) W3C R e



Vocabularies



Vocabularies

» Data integration needs agreements on

P terms

’ ¢¢

“translator”, “author”

» categories used
“Person”,“literature”
» relationships among those

“an author is also a Person...”,“historical fiction is a narrower
term than fiction”

ie, new relationships can be deduced

W3f" Semantic
< WP Web 101



Vocabularies

» There is a need for “languages” to define such
vocabularies
» to define those vocabularies

» to assign clear “semantics” on how new relationships can
be deduced

W3f‘ Semantic
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But what about RDFS?

» Indeed RDFS is such framework:
» there is typing, subtyping
» properties can be put in a hierarchy
» datatypes can be defined

» RDFS is enough for many vocabularies
» But not for all!



Three technologies have emerged

» To re-use thesauri, glossaries, etc: SKOS

» To define more complex vocabularies with a strong
logical underpinning: OVVL

» Generic framework to define rules on terms and
data: RIF



Using thesauri, glossaries
(SKOS)



» Represent and share classifications, glossaries,
thesauri, etc

» for example:

Dewey Decimal Classification, Art and Architecture Thesaurus,
ACM classification of keywords and terms...

classification/formalization of Web 2.0 type tags

» Define classes and properties to add those
structures to an RDF universe

» allow for a quick port of this traditional data, combine it
with other data



Example: the term “Fiction”, as defined by
the Library of Congress

Authorities & Vocabularies (Library of Congress): Fiction
& <] O © tA || @ | + | Ehup://id.loc.gov/authorities/sh85048050 = ¢ | (*F Google
Q] Netvibesv Feedly Socialv Privatev Mailing listsv SWv Pythonv RDFaitlv Bookmarkletsv Add Zemanta bitly To Mendeley TinyURL To Faviki Dokuwiki

é LIBRARY OF CONGRESS ASK A LIBRARIAN | | DIGITAL COLLECTIONS | | LIBRARY CATALOGS

The Library of Congress > Authorities & Vocabularies > Fiction

Authorities & Vocabularies

G Return

Search

Enter search terms... GO
Details Visualize
Fiction

URI: <http://id.loc.gov/authorities/sh85048050#concept>

Type: Topical Term
Alternate Labels: Fiction--Philosophy; Metafiction; Novellas (Short novels); Novels; Stories
Broader Terms:

e Literature
e Prose literature

Narrower Terms:

e Adventure stories

e Allegories

e Alternative histories (Fiction)
L ]

L

Bildungsromans
Biographical fiction
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Example: the term “Fiction”, as defined by
the Library of Congress

Authorities & Vocabularies (Library of Congress): Fiction
& <] ® O A | Ei @ + hup://id.loc.gov/authorities/sh85048050 ¢ | (*F Google
X1 Netvibesv Feedly Socialv Privatev Mailing listsv SWv Pythonv RDFait!v Bookmarkletsv Add Zemanta bitly To Mendeley TinyURL To Faviki Dokuwiki

é LIBRARY OF CONGRESS ASK A LIBRARIAN | | DIGITAL COLLECTIONS | | LIBRARY CATALOGS

The Library of Congress > Authorities & Vocabularies > Fiction

Authorities & Vocabularies

e’ Return

Search

Enter search terms... GO
Details Visualize

http://id.loc.gov/authorities/sh85048050#concept>

J

Type: Topical Term

Alternate LabelsyFiction--Philosophy; Metafiction; Novellas (Short novels); Novels; Stories

Broader Terms:

e Literature
e Prose literature

Narrower Terms:

e Adventure stories
e Allegories
e Alternative histories (Fiction)

e Bildungsromans
e Biographical fiction
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Thesauri have identical structures...

» The structure of the LOC page is fairly typical
» label, alternate label, narrower, broader, ...

» there is even an ISO standard for such structures

» SKOS provides a basic structure to create an RDF
representation of these



LOC’s “Fiction” in SKOS/RDF

LG skos:Concept
wn
) Fiction
w
g 3
0] T
7 <
Q ©)
O (4))
@
skos:broader
http://id.loc.gov/...#concept
%’ Metafiction
5
=
S
@)
®
Novels

skos:prefLabel

Allegories ¢

Adventure stories |¢ skos:prefl.abel
W3C Rt




Usage of the LOC graph

Fiction

Historical Fiction

skos:Concept

A(I>
D
)
w
b

=t 2

S 2

S Y-

® T

skos:broader

Q «

*\“

©

@

o

>

&

o

©

dc:title
The Glass Palace http:.//.../isbn/...  _
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Importance of SKOS

» SKOS provides a simple bridge between the “print
world” and the (Semantic) VWeb

» Thesauri, glossaries, etc, from the library community
can be made available

» LOC is a good example

» SKOS can also be used to organize tags, annotate
other vocabularies, ...



Importance of SKOS

» Anybody in the World can refer to common
concepts

» they mean the same for everybody

» Applications may exploit the relationships among
concepts

» eg, SPARQL queries may be issued on the merge of the
library data and the LOC terms



Semantic portal for art collections

) Search results - Mozilla Firefox - 8%

File Edit View History Bookmarks Tools Help !m Jacco.van.Ossenbruggen@cwi.nl -

e - »-¢& (i} # http://e-culture.multimedian.nl/demo/keyword?key=taichan¢ | | [[G]-/iswc N
.\*/‘ The MullimedioN €-cullute Itaic hang Search I
scaM“ Basic Search | Advanced Search | /facet | Relation Search | My Collection (en nl'id ru uk zh )

Search results on taichang organized by category (47 results).

Works style/period.period has narrower with matching preferred label (46)

5664-2 pop: speelgoedpop mingqi mingqi kommetje kommetje
(dc:creator unknown) (dc:creator unknown) (dc:creator unknown) (dc:creator unknown) (dc:creator unknown) (dc:creator unknown)
see more>

mingqi draagkist
(dc:creator unknown)| (dc:creator unknown)

[»] [«]

1360 1380 1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600 1620 1640

5664-2
pop: speelgoedpop

[«]

Courtesy of Jacco van Ossenbruggen, CWI, and Guus Schreiber, VU Amsterdam W3C N Semantic



Ontologies
(OWL)



SKOS is not enough...

» SKOS may be used to provide simple vocabularies
» But it is not a complete solution

» it concentrates on the concepts only
» no characterization of properties in general

» simple from a logical perspective

ie, few inferences are possible



Application may want more...

» Complex applications may want more possibilities:
characterization of properties

identification of objects with different URI-s
disjointness or equivalence of classes

construct classes, not only name them

more complex classification schemes

N A, AR QTN SRTED LAIFR A4

can a program reason about some terms? E.g.:

“if «Person» resources «A» and «B» have the same «foaf:email»
property, then «A» and «B» are identical”

» etc.

W3f‘ Semantic
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Web Ontology Language = OWL

» OWL is an extra layer; a bit like RDFS or SKOS

> own namespace, own terms

» it relies on RDF Schemas

» It is a separate recommendation
» actually... there is a 2004 version of OWL (“OWL 1)
» and there is an update (“OWL 2”) published in 2009



OWL is complex...

» OWL is a large set of additional terms
» We will not cover the whole thing here...



Term equivalences

» For classes:

» owl:equivalentClass: two classes have the same
individuals

» owl:disjointWith: no individuals in common
» For properties:

» owl:equivalentProperty

remember the a:author vs. f:auteur?

» owl:propertyDisjointWith



Term equivalences

» For individuals:

» owl:sameAs: two URIs refer to the same concept
(“individual”)

» owl:differentFrom: negation of owl:sameAs

W3f“ Semantic
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Other example: connecting to French

Qm owl:equivalentProperty @D

owl:equivalentClass

W3f‘ Semantic
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Typical usage of owl:sameAs

» Linking our example of Amsterdam from one data
set (DBpedia) to the other (Geonames):

<http://dbpedia.org/resource/Amsterdam>
owl:sameAs <http://sws.geonames.org/2759793>;

» This is the main mechanism of “Linking” in the Linked
Open Data project

WSP‘ Semantic
« WP web 12



Property characterization

» In OWL, one can characterize the behavior of
properties (symmetric, transitive, functional,
reflexive, inverse functional...)

» One property can be defined as the “inverse” of
another



What this means is...

» If the following holds in our triples:

:email rdf:type owl:InverseFunctionalProperty.

W3f‘ Semantic
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What this means is...

» If the following holds in our triples:

:email rdf:type owl:InverseFunctionalProperty.
<A> :email "mailto:a@b.c".
<B> :email "mailto:a@b.c".

W3f" Semantic
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What this means is...

» If the following holds in our triples:

:email rdf:type owl:InverseFunctionalProperty.
<A> :email "mailto:a@b.c".
<B> :email "mailto:a@b.c".

then, processed through OWL, the following
holds, too:

<A> owl:sameAs <B>.



» Inverse functional properties are important for
identification of individuals

» think of the email examples

» But... identification based on one property may not
be enough



“if two persons have the same emails and the same
homepages then they are identical”

» ldentification is based on the identical values of two

properties

» The rule applies to persons only



Previous rule in OWL

:Person rdf:type owl:Class;
owl:hasKey (:email :homepage)
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What it means is...

<A> rdf:type :Person ;
:email "mailto:a@b.c";
:homepage "http://www.ex.org".

<B> rdf:type :Person ;

:email "mailto:a@b.c";
:homepage "http://www.ex.org".

then, processed through OWVL, the following holds,
too:

<A> owl:sameAs <B>.

WSP‘ Semantic
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Classes in OWL

» In RDFS, you can subclass existing classes... that’s
all

» In OWL, you can construct classes from existing
ones.
» enumerate its content
» through intersection, union, complement
p etc

W3f‘ Semantic
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(7]

numerate class content

:Currency
rdf:type owl:Class;
owl:oneOf (:€ :£ :8§).

» lL.e., the class consists of exactly of those individuals
and nothing else

W3f" Semantic
<« WP web 13



Union of classes

:Novel rdf: type owl:Class.
:Short_ Story rdf: type owl:Class.
: Poetry rdf:type owl:Class.

:Literature rdf:type owl:Class;
owl:unionOf (:Novel :Short Story :Poetry).

» Other possibilities: owl:complementOf,
owl:iintersectionOf, ...

WSP‘ Semantic
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For example...

:Novel rdf: type owl:Class.
:Short_Story rdf:type owl:Class.
: Poetry rdf: type owl:Class.

:Literature rdf:type owl:Class;

owl:unionOf (:Novel :Short Story :Poetry).

<myWork> rdf:type :Novel

then the following holds, too:

<myWork> rdf:type :Literature

Semantic
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It can be a bit more complicated...

:Novel rdf:type owl:Class.
:Short_Story rdf: type owl:Class.
: Poetry rdf: type owl:Class.

:Literature rdf:type owlClass;
owl:unionOf (:Novel :Short Story :Poetry).

fr:Roman owl:equivalentClass :Novel .

<myWork> rdf:type fr:Roman .

then, through the combination of different terms, the following
still holds:

<myWork> rdf:type :Literature .
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What we have so far...

» The OWL features listed so far are already fairly
powerful

» E.g., various databases can be linked via owl:sameAs,
functional or inverse functional properties, etc.

» Many inferred relationship can be found using a
traditional rule engine



However... that may not be enough

» Very large vocabularies might require even more
complex features

» some major Issues
the way classes (i.e., concepts”) are defined

handling of datatypes like intervals

» OWL includes those extra features but... the
inference engines become (much) more complex@®



Example: property value restrictions

» New classes are created by restricting the property
values on a class

» For example: how would | characterize a “listed
price”?

» it is a price that is given in one of the “allowed”
currencies (€,£,or $)

» this defines a new class



But: OWL is hard!

» The combination of class constructions with
various restrictions is extremely powerful

» What we have so far follows the same logic as
before

» extend the basic RDF and RDFS possibilities with new
features

» define their semantics, ie, what they “mean” in terms of
relationships

» expect to infer new relationships based on those

» However... a full inference procedure is hard
» not implementable with simple rule engines, for example ®

W3f‘ Semantic
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OWL “species” or profiles

» OWL species comes to the fore:

» restricting which terms can be used and under what
circumstances (restrictions)

» if one abides to those restrictions, then simpler inference
engines can be used
» They reflect compromises: expressiveness vs.
implementability

W3f‘ Semantic
< WP Web 14



OWL Species




» Goal: to be implementable with rule engines
» Usage follows a similar approach to RDFS:

» merge the ontology and the instance data into an RDF
graph

» use the rule engine to add new triples (as long as it is
possible)



What can be done in OWL RL?

» Many features are available:
» identity of classes, instances, properties
» subproperties, subclasses, domains, ranges

» union and intersection of classes (but with some
restrictions)

property characterizations (functional, symmetric, etc)
property chains

keys

Wire % (AW LN

some property restrictions

» All examples so far could be inferred with OWL RL!



Improved Search via Ontology (GoPubMed)

» Search results are re-ranked using ontologies
» related terms are highlighted

@ GoPubMed - Mozilla Firefox ===
File Edit View History Bookmarks Tools Help r

[ 5 | 5§ opublied 8 | e % -
what I e— ’ hrnord
tinnitus “findit! N i puomed

1,000 articles

& To see other authors, see the who section on the left side. |~

en

»

orineural [15

: 5: Pros and cons of tinnitus retraining therapy. ‘
. Relate
Patients [619] . ) S J ki = E
v more _Q»a‘a‘a»a_%‘a @@ Acta Otolaryngol, 128 (4): 365-8, 2008 ‘

- Biclogical Sciences [285] S A significant reduction in the Handicap Inventory (THI) was obtained as early as 1 month after implementation of

Noise [11€] A retraining therapy (TRT).

Questionnaires [124]

Evaluation Studies [ i ) = = = L )

Treatment Outcome [ 1: Gabapentin effectiveness on the sensation of subjective idiopathic tinnitus :

Stress, Psychelegica
¥ more
Techniques and Equipment [S08]

a pilot study.

= Bakh 07

m

fetal, gp

Natural Science:
biological_process [
Chemicals and Dri
Organisms [S00]
cellular_component [&
molecular_function [57]
Technology, Industry, Agriculturel111]
Psychiatry and Psychelegy [651] v
» Unclassified [5]
- [ Hot topics in GO & MeSH
Tinnitus
Eg Find categories ... - " R - R
K Find related categories ... & Lanting cPetal, [ Acta Otolaryngol, 128 (4): 415-21, 2008
+-4p My last 5 queries < Theresponse to sound in the inferior colliculus was elevated in L patients compared with controls without
- [Z] Clipboard [0] v
___________ » |+

Pure-tone audiograms, laboratory test and personal histories were used to exclude any particular etiology of

3: Algorithm for evaluation of pulsatile
Q. lattox

Among patients with venous , sigmoid sinus diverticulum was the most commeon finding.

@ Acta Otolaryngol, 128 27-31, 2008
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n
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4: Functional imaging of unilateral tinnitus using fMRI.
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Improved Search via Ontology (Go

» Same dataset, different ontology

» (ontology is on non-animal experimentation)

@ &o03R - Mozilla Firefox =& *]
File Edit y History Bookmarks Tools Help &
[5 &Y% copubMed 83 | [)co3r 0l -
what )
finnitus “ind e I J
+- 7% 3R Relevance Filters (Beta) )
~~[y Top categories 1,000 articles
= Discases 01 <
differences (P = 0.05). &
2: Microvascular decompression of cochleovestibular nerve.
Hearing Lo Senscrineural [95] D: 183
~ mors & vapLetal, [@ Eur Arch Otorhinolaryngol: , 2008 =
+- Methedology 8] == This report provides a review of all the published studies on MVD of the eighth (8th) nerve in alleviating cochleovestibular
3 Life S ] Z
S - symptoms and presents three additional patients who underwent MVD of the eighth nerve for tinnitus or vertigo.
3: Algorithm for evaluation of pulsatile tinnitus
+--(G) Statistics [122] Q 1attox D 8 A Glolamnscai A58 ty 4573 ) )
+- Substances, Preparations & Products [277] e e == N e
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Rules
(RIF)



Why rules on the Semantic Web?

» Some conditions may be complicated in ontologies (ie,
OWL)

» eg, Horn rules: (Pl & P2 & ...) = C

» In many cases applications just want 2-3 rules to
complete integration

» le, rules may be an alternative to (OVVL based)
ontologies



Things you may want to express

» An example from our bookshop integration:

» “l buy a novel with over 500 pages if it costs less than
€20”

» something like (in an ad-hoc syntax):

{
?x rdf:type p:Novel;

p:page number ?n;
p:price [
p:currency :€;
rdf:value °?z
1.
?n > "500"*“*xsd:integer.
?z < "20.0"**xsd:double.
}
=>
{ <me> p:buys ?x }
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Things you may want to express

me P:Lie ¥ ™x )

e Semantic
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RIF (Rule Interchange Format)

» The goals of the RIF work:
» define simple rule language(s) for the (Semantic) VWeb

» define interchange formats for rule based systems
» RIF defines several “dialects” of languages
» RIF is not bound to RDF only

» eg, relationships may involve more than 2 entities

» there are dialects for production rule systems



RIF Core

» The simplest RIF “dialect”
» A Core document is

» directives like import, prefix settings for URI-s, etc
» a sequence of logical implications



RIF Core example

Document (
Prefix (cpt http://example.com/concepts#)
Prefix (person http://example.com/people#)
Prefix (isbn http://../isbn/)

Group

(
Forall ?Buyer °?Book ?Seller (

cpt:buy (?Buyer ?Book ?Seller):- cpt:sell(?Seller ?Book ?Buyer)
)

cpt:sell (person:John isbn:000651409X person:Mary)
)
)

This infers the following relationship:

cpt:buy (person:Mary isbn:000651409X person:John)
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Expressivity of RIF Core

» Formally: definite Horn without function symbols,
a.k.a.”Datalog”

» eg, p(a,b,c) is fine, but p(f(a),b,c) is not
» Includes some extra features

» built-in datatypes and predicates
» “local” symbols, a bit like blank nodes



Expressivity of RIF Core

» There are also “safeness measures”
» eg, variable in a consequent should be in the antecedent

» this secures a straightforward implementation strategy
(“forward chaining”)



RIF Syntaxes

» RIF defines

» a‘“‘presentation syntax’
» a standard XML syntax to encode and exchange the
rules
» there is a draft for expressing Core in RDF
just like OWL is represented in RDF



What about RDF and RIF?

» Typical scenario:
» the “data” of the application is available in RDF
» rules on that data is described using RIF
» the two sets are “bound” (eg, RIF “imports” the data)
» a RIF processor produces new relationships



To make RIF/RDF work

» Some technical issues should be settled:
» RDF triples have to be representable in RIF
» various constructions (typing, datatypes, lists) should be
aligned
» the semantics of the two worlds should be compatible
» There is a separate document that brings these

together

W3f‘ Semantic
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Remember the what we wanted from Rules?

?x rdf:type p:Novel;
p:page number °?n;
p:price [

p:currency :€;
rdf:value °?z
1.
?n > "500"“**xsd:integer.
?z < "20.0"**xsd:double.
}
=>
{ <me> p:buys ?x }
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The same with RIF Presentation syntax

Document (
Prefix ..
Group (
Forall ?x ?n ?z (
<me>[p:buys->?x] :-
And (

?x rdf:type p:Novel
?xX[p:page number->?n p:price-> abc]
_abc[p:currency->:€ rdf:value->?z]
External ( pred:numeric-greater-than(?n "500"**xsd:integer) )
External ( pred:numeric-less-than(?z "20.0"**xsd:double) )
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Discovering new relationships...

Forall ?x ?n ?z (
<me>[p:buys->7?x] :-
And (
?x # p:Novel
?x[p:page_number->?n p:price->_ abc]
_abc[p:currency->:.:€ rdf:value->?z]
External ( pred:numeric-greater-than(?n "500"**xsd:integer) )
External ( pred:numeric-less-than(?z "20.0"*“xsd:double) )
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Discovering new relationships...

Forall ?x ?n ?z (
<me>[p:buys->7?x] :-
And (
?x # p:Novel
?x[p:page_number->?n p:price->_ abc]
_abc[p:currency->:.:€ rdf:value->?z]
External ( pred:numeric-greater-than(?n "500"**xsd:integer) )
External ( pred:numeric-less-than(?z "20.0"*“xsd:double) )

)

combined with:

<http://../isbn/..> a p:Novel;
p:page number "600"“*“xsd:integer ;
p:price [ rdf:value "15.0"**xsd:double ; p:currency :€ ]
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Discovering new relationships...

Forall ?x ?n ?z (
<me>[p:buys->7?x] :-
And (
?x # p:Novel
?x[p:page_number->?n p:price->_ abc]
_abc[p:currency->:.:€ rdf:value->?z]
External ( pred:numeric-greater-than(?n "500"**xsd:integer) )
External ( pred:numeric-less-than(?z "20.0"*“xsd:double) )

combined with:

<http://../isbn/..> a p:Novel;
p:page number "600"“*“xsd:integer ;
p:price [ rdf:value "15.0"**xsd:double ; p:currency :€ ]

yields:
<me> p:buys <http://../isbn/.> .
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RIF vs. OWL?

» The expressivity of the two is fairly identical

» the emphasis are a bit different

» Using rules vs. ontologies may largely depend on
» available tools
» personal technical experience and expertise

» taste...



What about OWL RL?

» OWL RL stands for “Rule Language”...
» OWL RL is in the intersection of RIF Core and OWL

» inferences in OWL RL can be expressed with RIF rules
» RIF Core engines can act as OWL RL engines



Inferencing and SPARQL

» Question: how do SPARQL queries and inferences
work together?

» RDFS, OWL, and RIF produce new relationships
» on what data do we query!

» Answer:in current SPARQL, that is not defined @
» But, in SPARQL I.l itis...©



SPARQL 1.1 and RDFS/OWL/RIF

| SPARQL Engine with entailment
‘ RDF Data ;
@ RDFS/OWLIRIF data :

k) entailment

o

[ sPARQL Pattern

@ ROF Data with extra triples

[["] sPARQL Pattern

pattern
** matching
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What have we achieved?
(putting all this together)



Remember the integration example?

st Manipulate
Applications Quers
. Map,
Data represented in abstract format Expose,
HDD o o o
- =I=I=I= e
[ — ) — ) — I — ) — -
I — ) — — I I N -
T
DAt A A OSSO i e e i s e e e s i Cna L2 T
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Same with what we learned

SR SPARQL,
Applications Inferences
RDB <~ RDF,
Data represented in RDF with extra knowledge (RDFS, SKOS, RIF, OWL,...) GRDL, RDFa,

HDD o o [ e
T = = == ===
I — N — N — | I I N S
I — N — N — | I I N A —
[T
DalaAn VAl OUS OS2 e e T s  Fbret e S ot e A g 3B IV 7
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eTourism: provide personalized itinerary
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Courtesy of Jesus Fernandez, Mun. of Zaragoza, and Antonio Campos,
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Integration of relevant
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RDF and ontologies)

Use rules on the RDF
data to provide a proper
itinerary
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Available documents, resources



Available specifications:
Primers, Guides

» The “RDF Primer” and the “OWL Guide” give a
formal introduction to RDF(S) and OWL

» SKOS has its separate “SKOS Primer”

» GRDDL Primer and RDFa Primer have been
published

» The W3C has links to
all the specifications



“Core” vocabularies

» There are also a number “core vocabularies”

» Dublin Core: about information resources, digital
libraries, with extensions for rights, permissions, digital
right management

FOAF: about people and their organizations

DOAP: on the descriptions of software projects
SIOC: Semantically-Interlinked Online Communities
vCard in RDF

N GO A AR, AR ¢

» One should never forget: ontologies/vocabularies
must be shared and reused!

W3f‘ Semantic
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Some books

» ]. Pollock: Semantic Web for Dummies, 2009

» G.Antoniu and F. van Harmelen: Semantic Web
Primer, 2nd edition in 2008

» D.Allemang and J. Hendler: Semantic Web for the
Working Ontologist, 2008

» P. Hitzler, R. Sebastian, M. Krotzsch: Foundation of
Semantic Web Technologies, 2009

P

See the separate



Lots of Tools (not an exhaustive list!)

« Some names:

= Categories:
= [riple Stores
= Inference engines
= Converters
= Search engines
= Middleware
= CMS
= Semantic Web browsers

= Development
environments

= Semantic Wikis

Jena, AllegroGraph, Mulgara,
Sesame, flickurl, ...

TopBraid Suite,Virtuoso
environment, Falcon, Drupal 7,
Redland, Pellet, ...

Disco, Oracle | Ig, RacerPro,
|IODT, Ontobroker, OWLIM, Talis
Platform, ...

RDF Gateway, RDFLib, Open
Anzo, DartGrid, Zitgist,
Ontotext, Protege, ...

Thetus publisher,

SemanticWorks, SWI-Prolog,
RDFStore...

W\7)f" Semantic
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Further information

» Planet RDF aggregates a number of SWV blogs:
» http://planetrdf.com/

» Semantic Web Interest Group

» a forum developers with archived (and public) mailing list,
and a constant IRC presence on freenode.net#swig

» anybody can sign up on the list
http://www.w3.0rg/200 | /sw/interest/



Thank you for your attention!

These slides are also available on the Web: &

http://www.w3.0rg/2010/Talks/0622-SemTech-IH/



