Data Integration and
Structured Search



ﬂ RDF 1 alanguage for linking data

A URIs are the words of the language.

I URIs provide global identity independently of
application context.

I Domain Name system provides global
distributed namespace management.

inFoll ow your noseo: doc
available available on the Web through the
URIS.



ﬂ How to create and query linked data

A 1. Express the data (from various sources) in RDF.
A 2. Combine the RDF data into one whole.
A 3. Query the combined whole for Web-link patterns.



u RDF 1 a grammar for Web links

. relatedTo .
>

describedBy




Dreams from

My Father

Source A: About a book by Barack Obama

dct:title ADreams from| My
BARACK OBAMA  (mewzm
dct:date
2004

dctxcreator

AfBar ack Obamjabo
foaf:name

Note that each Web link is expressed in the data as
atriple 1 athree-part data structure.

Each triple in the data corresponds to a link in a
conceptual graph.

Fat

http://../isbn/978-1 4 0 00082 7 7 3 dct:title

http://../isbn/978-1 4 0000827 7 3 X:published

http://../isbn/978-14000082773 dct:.creator _:placeholder

_:placehol der




BARACK
OBAMA

LES REVES
DE MON PERE

GOCument

Lhistoire d'un héritage
en noir et bland

oD

Source B: About the French translation

x:isTranslationOf
dct:title

fLes r°ves de mol

X:txanslator

ADani | e Darneaut
foaf:name

http://../isbn/978-2258075979 x:isTranslationof http://.../isbn/978-14000082773

http://../isbn/978-2 2 58 07597 9 dct:title

http://../isbn/978-2258075979 x:translator _:placeholder

_:placehol der




Merge the two data sources into one set of triples

http://../isbn/978-2258075979 x:isTranslationof http://.../isbn/978-14000082773

http://../isbn/978-2 2 58 0 7597 9 dct:title ALes

http://../isbn/978-2258075979 x:translator _:placeholder

_ . placehol der

2
lww ]

http://../isbn/978-1 4 0 00082 7 7 3 dct:title

http://../isbn/978-1 4 0 00082 7 7 3 X:published 20040

http://../isbn/978-14000082773 dct:.creator _:placeholder

_:placehol der




The processor wil |l det ect

http://../isbn/978-2258075979 x:isTranslationof http://.../isbn/978-14000082773

http://../isbn/978-2 2 58 075979 dct:title

http://../isbn/978-2258075979 x:translator _:placeholder

_ . placehol der

http://../isbn/978-14000082773 dct : t i t | e

http://../isbn/978-14000082773 x : publ i shed n200

http://../isbn/978-14000082773 dct:.creator _:placeholder

_:placehol der

ADr eams

40



The processor wil |l det ect

dct:title

ADreams from| My

dct:date

2004

dcicreator

_:placeholder fiBarack Obamabo
foaf:name

x:isTranslationO

http://...5979

dct:title

=1
—
(9]
(72}
-
o
<
(9]
(72}
o
fan)
o

2 mon p re

X:txanslator

_:placeholder
foaf:name

=1
O
QD
>
(9]
O

Arneauao




éand merge the dat a

dct:title iDreams from
dct:date
2004
dcicreator
isT AtionOf ~
xisirangetion _:placeholder iBar ack Obama
foaf:name
http://...5979
dct:title
ALes r°ves de mon p reo
X:txanslator
AfnDani | e Darneaubo
foaf:name

My

o



Let 0s use a Dbpedi a URI t

ALes r°ves de mon p reo

dct:title

ADreams from| My

x:isTranslationOf

X:translator

2004

http://...5979
dcicreator
foaf:name http://...Obama

fiBarack Obamabo

foaf:name

http://dbpedia.org/resource/Barack_ Obama f oaf : na me ABarack Oba




Link In a book about Obama

ALes r°ves de mon p reo

dct:title

iDreams from

My

X:translator

dcicreator

2004

_:placeholder
foaf:name

fiBarack Obam

http://...Kennedy . AfDer schwar zle
dct:title

Kennedyo

http://dbpedia.org/...Kennedy? dct:subject http://...Obama

http://dbpedia.org/ ... Kennedy

dct

1 Full URI: http://dbpedia.org/resource/Barack_Obama_-_Der_schwarze_Kennedy

ao



New York Times also has a URI for Obama, which it
|l T nks to Dbpedi aods, | ead]I

ALes r°ves de mon p reo

dct:title

ADreams from| My

x:isTranslationOf

X:translator

2004

http://...5979
dcicreator
iDani | e Dlar neXusd
foaf:name

owl:sameAs

http://...6853

x:topicPage

fiBarack Obamabo

foaf:name

http://topics.nytimes.com/top/referen
ce/timestopics/people/o/barack_oba
ma/index.html

http://data.nytimes.com/...6853! owl:sameAs http://...Obama

http://data.nytimes.com/...6853  x:topicPage http://topics.nytimes.com/...

1 Full URI: http://data.nytimes.com/47452218948077706853



RDF as a common format for merging data
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Applications Query,
Manipulate,
etc.

Data represented in abstract format Map,

A - =

etc.
Data in various formats
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Aattp://www.w3.0rg/2007/Talks/0221-Bangalore-1H/



Merged data is queried with SPARQL

Queries are Application
expressed as SPARQL Query¢ T Return in XML, JSON, ...
RDF triples
. SPARQL
with unknown “Engine”
variables.

/NN

GRDDL, SQL-SPARQL
(e.g., microformats) RDFa “Bridge”

]

XY E |

RDF Data Documents (XHTML, XML, ...) (Relational) Database

o
/

LI

ASource: Ivan Herman, http://www.w3.0rg/2007/Talks/0221-Bangalore-IH/



Il nding things related to

16

Source: Joanne Luciano, Mitre, and the W3C HCLS IG



http://lopenflydata.org

A FlyWeb Research Tools :: Search FIlyTED and BDGP Images By Gene - Microsoft Internet Explorer :
File Edit View Favorites Tools Help ar

QBack - © - [x] [&) @ Psearch YrFavorites @ v i B - B
s &) http//localhost/flyweb-apps-A/dlients/sisterofmashupUl/ /860
FlyWeb Research Tools

Search FIlyTED and BDGP Images By Gene

CG10151 @
Enter a gene name, e.g. "CG10151".
Image results from FIyTED (www.fly-ted.org) Image results from BDGP (www.fruitfly.org)
Found 2 results for gene "CG10151". Found 10 results for gene "CG10151".

Tl N E e

‘Logger Console

< |3

http://purl.org/net/aliman
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Creating a Web of Data (Linked Data)

Value of information as function of what it links to (Tim Berners-Lee)
Four rules for max-umemping Adunpl an

1. Identify things with URIs.
2. Use HTTP URIs.
3. Serve information on the Web against the URIs.

4. Link related material.

A http://www.w3.org/Designissues/LinkedData.htm!



Linked Data Cloud, 2007

BBC
Later +
TOTP

Sem-
Web-
Central

Open-
ECS Guides
South-

DBtune
Geo- RDF Book
__y\ hames Mashup
Jamendo /4
Updated
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http://dbpedia.org



Linked Data Cloud, March 2008

ECS
South-
ampton
updated
_ Doap-
Audio- space Flickr
Scrobbler exporter 510C
i profiles
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Open-
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Hannowver
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Linked Data Cloud, September 2008

Surge
Radio

ECS
South-
amgton
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space

Flickr
exporter

Audio-
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As of September 2008
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Linked Data Cloud, March 2009
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Radia Certral ROF
ohioh

Doap- .
_ space f— B;:; ResIST
Audio- Web.arg 7 Project
MySpace ..l Scrobbler LS NWNEBME S Wiki
Wrapper - K 4 Carpus A Toulouse | | !
y . r ", P \ 1 ! RAE Natianal
- BEC Crunch FOAF . g 2001 Science
Later + Base profiles = w .:.' "\ Foundatio
oTR — Cpen- £ R
1 k‘\ A - ;
- § P ‘ DBELP \\ A ™ X
///_/ RKB o

BEC
Flaycount
Data
! )
) (7
i Explorer
Wirtuoso Pisa . *(' h"" CORDIS
BRC Sponger ; o \“ "
Programm 4 *,
WEE c 3 ™ [ ﬁ"‘ ;
1 HEE ‘ ’ -.
il ECS i/ ’ Y
P South- i . T
/ Mpon, e
Track Mashup - . "._‘
- ",
CiteSear @

- . 8 8 (
: @
Census My e -} DBLF
Data J \ Ny il Hannover

N O T e

As of March 2009
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Application-specific parts of the cloud
N B rrelabed datasets

Thanks to ALinking Open Drug Dat ao

.,r/ | South-
Surge f ampton
Redia | LigRIS

\ ROF | “
3 Gl |I/F:esex —
. - 7 | Va —
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As of March 2009
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Embedded metadata and
structured search



Extracting triples from Web pages

A GRDDL (Gleaning Resource Descriptions from Dialects of Languages)

I Mechanism for extracting structured data from XML and XHTML
documents and converting that data (via an XSLT script) into RDF

A RDFa( iRt tri but eso)
I Embeds RDF-structured data into Web pages
I Extends XHTML with attributes for carrying RDF data
I Data can be cut-and-paste between RDF-aware applications
|

Humans see a normal-looking Web page. Machines can download
the embedded RDF data.

A Microformats
I Small XML formats to embed in Web pages

I Work well for well-defined contact (hCard) or calendar (hCal)
Information, but fields not designed to be shared across formats

I GRDDL can be used to extract RDF triples from Microformats



RDFa (RDF attributes) embedded in Web pages

UIVM Herman - Mozilla Firefox Doa
File Edit View History Bookmarks Tools Help /4
@ @ v x ;‘ T’.‘!] & i:? 9 ld http: ffwww.w3.0org/People/Ivan/ |v I itaileRDDL Examples [,:)} 'Ci v @ o

€33 World Clock Netvibes [3) Twines [) Search @ Mobical |_] Validate! [3) RDFait! [3) Semantic Web (3 W3C Mailing lists ((3) Bookmarklets >

Il

lvan Herman 5

My Work at W3C | Contact information | Short CV | Upcoming trips | Public
presentations

i My Work at W3C

vity Lead; that is my main wo w 1 member of . i ;
world Wide Web Conference CoNggits . committee coordinating the yearly

WWYy Cornneicnice series). serving as a liaison for Wsoo and of SWSA (Semantic Web Science !

v Association). the committee responsible for the International Semantic Web Conferences series.

Neb 4

As part of my work. | also participate in lots of outreach activities. and | regularly make presentations.
tutorials, etc. You can consult my list of presentations for further details.

Contact information

' ivan@w3.org
: {shatsum: 5ac8032d5f6012aa1775ea2i63e1676bafd5e80b)

Pnstal address:

P[]
Done Z .m - m ivanherman | B

Source: http://www.w3.0rg/2009/Talks/0615-SanJose-tutorial-1H/
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...triples are extracted from hidden attributes

i 3 jEdit - ( Session: default ) C:\Documents and Settings\Ivan Herman\My Documents\WSC\WWW\People\Ivan\Overview.php =[=]*%)
| File Edit Search Markers Folding View Utilities Macros Plugins Help
< Overview.php | S
EE " <h2><a id="Meh2">My Work at W3C</a></h2> e |5
E a7 r b 4
2 o <p>I am <a rel="foaf:currentProject” E| 2
E href="http://www.w3.0rg/2001/sw">Semantic Web</a> Activity e
= Lead; <
2 o that is my main work at <a rel="foaf:workInfoHomepage" ‘éu
»g_ href="http://www.w3.0rg">W3C</a>.
o 28 I am member of <a rel="foaf:workInfoHomepage"
= href="http://www.iw3c2.org">
% = <abbr title="International World Wide Web Conference
g Comm1ttee">Iw3C2</abbr> =
52 ey ™| P e | S Ticd— . s B 2~ | Yol de bt
ﬁ‘ ................. Saa S8 A pade s d e s B sl L ads o Seada sl Lol 4 Sl O =l
< Qvernview.php I
Leiden</a>, 1n the Netherlands. =
a0 I joined the <a rel="foaf:workInfoHomepage" :
href="http://www.w3.0rg">W3C</a> Team as Head of
A <a rel="foaf:pastProject” :
href="http://www.w3.0org/Consortium/0ffices"><span - (@
property="dc:title">W3C Offices</span></a>
i in January 2001 while maintaining my position at <abbr
title="Centrum voor Wiskunde en Informatica" :
xm1 1ang_“n1">CWI</abbr> E
(] =Jon)

122,102-11912% (php.none,UTF-8)S - - - USRSl

Source: http://www.w3.0rg/2009/Talks/0615-SanJose-tutorial-1H/




DBPedia extracts data from Wikipedia infoboxes...

WIKIPEDIA
The Free Encyclopedia

navigation

= Main page

n Contents

= Featured content

= Current events

» Rancdom article

search

I—
il Search I

interaction

= Ahout Wikipedia

= Community poral

= Recent changes

u Contact Wikipedia
= [Donate toWikipedis
= Help

toolbox

= Wkt links here
n Related changes
= Upload file

n Special pages

u Printable version
= Permanent link

n Cite this page

languages

n Afrikaans

= Alemannizch
B Anglo-Saxon
B dapll

= Aragonés

UIdries varwin b

Fram Wikipedia, the free encyclopedia
[Redirected from Charles darwin)

For other people of the same surname, and places and things named after Darwin, see Darwin.

Charles Robert Darwin (February 12, 1809 — April 19, 1852) was an English naturalist, " who realised and demanstrated that all
species of life have evolved over time from common ancestors through the process he called natural selection.™ The fact that
evolution occurs became accepted by the scientific community and the general public in his lifetime, while his theary of natural
selection came to be widely seen as the primary explanation of the process of evolution in the 19305, and now farms the basis of
moderm evolutionary theory. In modified form, Darwin's scientific discovery remains the foundation of biology, as it provides a unifying
logical explanation for the diversity of life, &1

Charles Darwin

Darwin developed his interest in natural history while studying medicine at Edinburgh University, then theology at Cambridge. P His
five-year voyage on the Beagle established him as an eminent geologist whose observations and theories supported Charles Lyell's
uniformitarian ideas, and publication of his journal of the voyage made him famous as a popular author. Puzzled by the geographical
distribution of wildlife and fossils he collected on the voyage, Darwin investigated the transmutation of species and conceived his
theory of natural selection in 18351 Although he discussed his ideas with several naturalists, he needed time for extensive research
and his geological wark had priority. B! He was writing up his theory in 1858 when Alfred Russel Wallace sent him an essay which
described the same idea, prampting immediate joint publication of both of their thearies. P!

His 1853 hook On the Origin of Species established evolution by common descent as the dominant scientific explanation of
diversification in nature. He examined hurman evolution and sexual selection in The Descent of Man, and Selection in Relation to Sex,
followed by The Expreasion of the Emotions in Man and Anirmals. His research on plants was published in a series of books, and in
his final book, he examined eatthworms and their effact on sail Pl

Charles Robert Darwin (1509-1582). Atthe age o
Charles Darvwin had just published

In recognition of Darwin's pre-eminence, he was one of anly five 19th century UK nan-royal personages to be honoured by a state On the Origin of Species.

funeral B! and was buried in Wastrminster Abbey, close to John Herschel and |saac Mewton, Bl Born 12 Fehruary 1809
Mourt House, Shrewshury,
Shrapshire, England
Contents [hids]

Died 19 April 1582 (aged 73)

1 Biography Dowen Houze, Downe, Kent, Engl

1.1 Eatly life Residence England

1.2 Journey ofthe Beagle Hationality Britizh

1.3 Inception of Darwin's evalutionary theo .

B . . n L} Fields Maturalist

1.4 Overwork, illness, and marriage Instituti Roval G hical Socict
n tions ayal Geddrapnical ol

1.5 Preparing the theory of natural selection for publication y . e ) i

1.6 Publication of the theory of natural selection RraEte Un!vers.w o Ed'nbu.rgh

University of Cambridge
1.7 Reaction to the publication . )
) Academic Adam Sedgwick
1.8 Descent of Man, sexual selection, and hotany advisors John Stevens Henslow



'UNIVERSITAT LEIPZIG pedia

Query Wikipedia

This semantic database contains over 10
million statements extracted from the
English Wikipedia.

Isearch for quenes | MOSt popular | Upcoming

Tennis players from Moscow
Sitcoms set in NYC
People influenced by Friedrich Nietzsche

Soccer player with tricot number 11 from
club with stadium with >40000 seats born
in_a country with more than 10M
inhabitants

Film rnusic composer born 1965

Flims longer than § hours

Space Missions

People being 1.80m tall

List of Web browser software

Battles in Saxony

Mayors of US cities higher than 1000m
Hip hop CDs from Texas Artists
Pictures of American guitarists
Scientists and their doctoral advisors

Planes and their designers built in the 1st
decate of the 20th century

<< 12>

More Information: at dbpedia.org and in
the paper What have Innsbruck and
Leipzig in common? Extracting Semantic
from Wiki Content.

Contact: AKSW Workgroup @ BIS /
Universitat Leipzig

Merged data can be queried

Scientists and their doctoral advisors

Modify this query or create your own!

Click on a column header to sort results on this page.

69 results found in 0.212s

Nr. ?advisee ?image ?advisor

1 Charles
Darwin

2 William
Hopkins

Source: DBPedia

?image_advisor




NStructured searcho

The Slanted Door - Embarcadero - San Francisco, CA

mmmmmm

irirtr 1438 reviews - Price range: $5%

143& Reviews of The Slanted Door "Slanted Door is a nice restaurant. It has a wonderful
view of the bridge and bay just outside it's back doors.
www.yelp.com/biz/the-slanted-door-san-francisco - 189k - Cached - Similar pages -

A Yahoo SearchMonkey and Google Rich Snippets

Harvest RDFa and microformat metadata from Web pages
Customi zed fAenhaerxkerdsultdi spl ayo

Metadata (embedded with RDFa or served via feeds) is collected
by Slurp, Yahoodos crawler

Search results are presented according to customized templates

A Harvested data allows construction of specialized
databases of products, people, places, events.



Structured browsing:
may start wiitkhe on Qaaeglye

Source: http://vivo.library.cornell.edu/



