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Introduction
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Let’s organize a trip to Budapest using the
Web!
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You try to find a proper flight with ...
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... a big, reputable airline, or ...
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the airline of the target country, or ...
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TICKET View service fee breskdown

= Alrport EUR 20 KLM ticket office, departure hall 2.

Chack it

Cffice EUR 20 LI tickst office, departure hall 2.

Courier or mail delivery is availatle only

P writhin the country of departure! You will be
asked to prowvide a delivery address on the
next page. Please note that in case of

I Iail EUR 30 courier delivery we will be unable to deliver

your ticket(s) to a PO box.
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or a low cost one
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@ search bookings
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Passengers:
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0 Child .
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Wizzair.com

new destination from London Luton:

Timisoara (from 17 December)

tant changes regarding checked-in baggages - Please dlick here for more details..
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(® online booking | (& useful () destinations (® trawvel services | () partners
information

@ search (*) select () contact O passengers O purchase

() confirmation

The flights available for the date(s) that you have selected are shown below. Review and select
that you wish to purchase by ticking the dot next to the fare price or use the form to the left ha

search for new flights. All times are local.

Fares shown below are for one way flights and per adult, child and infant. The total price include:
the taxes and the charges. Payments made with debit and credit cards are subject to a payment
Click here to find out the exact amount. The fee depends on the type of card that you wish to u

payment,

going out

Eindhoven » Budapest-Terminal 1

fareclass flight departs  arrives

price excluding tax

Fri 15 Aug 08 Web We 228 13:25 15:20

Sun 17 Aug 03 Web We 228 13:25 15:20

Adult 94.99 EUR

Adult 73.99 EUR

taxes and charges

.00 EUR

00 EUR
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You have to find a hotel, so you look for...
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a really cheap accommodation, or ...
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Selection
Status

&) Search Hotels/Cities |
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Find Hostels and Lodging at your destinations.

Look for yeg for instant online booking.

3 accommodations have been found matching your criteria.
Select your accommodations and click |
reservations.

Click on names to see photos, reviews, and more information.
Tip: Click “Tnstagt for rates and instant secure confirmations.

Make Resarvations

| for rates, availability, and

Sort by: ®) Price (Lo-Hi) ) Price (Hi-Lo) () Traveler Rating ) Hostel Class
() Hostel Name
View Advanced Display Cptions

Lodging Sign in |

How it Works

—

[

Step 1-Find Lodging

Step 2-Make
Reservations

[ Make Reservations ]

Balaton, Hungary

From €12

Unity Hostel Balaton

Rakoczi Ut 263 ﬂ !iﬂstﬂ 2hours from Budapest,we are located right behind a
Hu:ustel - Bookin® |free beach access to the lake, right opposite a large

& Units ulty
s B Sl shopping and dinning court, only few minutes from the

best cubs.lots of freshies! 11
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... or a really luxurious one, or ...
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Travel should take you places’ 1-800-HILTONS

Specials & Packages Reservations Meatings Social Gatherings Hilton HHonors Things to Do eBrochures My Fawvo

Search Results

Search Results Ch erint  [Z] Help

Change Your Search

Location

i The following locations matched your request.
|Eur|:|la|::ezt | Rates displayed may be non-refundable.

Flease review rate rules and restrictions prior to booking your stay.
Search Within:

I_4D ﬁ' ® mi O km Sort by: | Brand IE“ Show: |A|I Hotels [+ m Wigw Hotels on 2 Map =

State/Province:
| State / Province @

= : Select up t
ocuntry:

| Hungary [+ ’ & Compare §
Hilton Hotels

Brand
Hiltan Hotels @) Hilton Budapest WestEnd e e

[] Al Hilten Family Hotels

“aci ut 1-3 _
Budapest, Hungary, 1062 @ Available
Dako i s M 36-1-783-5500 s
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an intermediate one
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KEDVEZMENYEK

REGISZTRACIO

ELERHETOSEG
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Szallas (Wellness, Aktiv
pihenés, Gyoagyturizmus)

Etterem

Programok, Latnivaldk

Szérakozas (Elményfiirddl,

Kalandparkok)

Rendezvényszervezés
(konferenciak-tréningek)

Lot G‘ =» i-;” | |:] http: ffvevewe. travelsinhungary . hujfview_kat. php?katid= 18megye=budapest "!:'_'f'r T

VELS |
e |
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MAGYAR EHGLISH DEUTSCH

Szallashely \ Budapest

Valasszon megyet:
Yalasszon! &3

Valasszon varost:
Yalasszon!

V]

Ajznlztok szame 2 kategdrizban: 1.

Airport Hotel Budapest®
T
SZALLASHELY
Budapest(Vecsés)
Ferihegyi replldtéri szélloda és konferenda kézpont

részletesen...
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oops, that is no good, the page is in
Hungarian that almost nobody
understands, but...
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this one could work
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Forgot Passward

Create Password

Enrall Howw

RESERVATIONS  HOTEL LOCATIONS BEST WESTERN PREMIER HOTELS HEW HOTELS QUESTIONS 8 ANSWERS

—h| Hotel Search Results |+=— Select Qccupancy Select Room Feview & Reserve Caonfirmatian

Find a Hotel - Select Hotel Page: 1

Modify Your Search: B yotels Found within 501 /z0km 4| ofthe Budapest area
City:
Budapest Show: |All Hotels ] By: | Distance [ Show Hotels

i ona Map
Select State or Display Currency In: [+]

Province:
| anl =

Select Country: Best Waest Hotel H - Hotel not
|H|.|r1gﬂr'_.r [+] s o 8 available on

Stay at this 4-star Budapest hotel offering selected dates.

Check-n: guests deluxe accommodations near some
j bensrzong e T | " of Budapests popular attractions and Check Alternate Dates
e Pt . = -H = . {

husiness locations. Visitors... Mare =

Check-0Out:

FFFH 084032008 o : a8 .- D,
F |oed0ae D VN B X retroicy @

feat 2 A i Photo Gallery
eatures meniies: Rakoczi Ut 90,

g ] High Speed Budapest, H-1074, Hungary

I
”TE’"E_‘ Distance from City Center: 0.86m / 1.38km
Complimentany

Breakfast
&
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Of course, you could decide to trust a
specialized site...
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... like this one, or...

\ JCreate yourypackage fnom Amsterdam tobudapest (and wicinity) s Mozilla Finefox = [B]x]
File Edit Wew History Bookmarks Tools Help

GB_V A e “r g} (@ |htn:u:ffwww.Expedia.n:u:umfpul:ufagent.dll?qscr=cmsh-&sul:um=I&CMBT}{_IJ_rgnm:Budﬂf *| |Y!*|1Iavel h:mj::'l @ - {3 E -

& Expedia g

Home | Flights Hotels Cars Vacation Packages Cruises Activities DEALS & OFFERS Maps Business Travel Rewards

Welcome - Already
My tinerariez | My Account | Customer 5

Search Expedia

Start search over Create your package from Amsterdam to Budapest (and
Change your search VlClnlt}’}
Departing: e
2122008 MMaps: Area map view  Hotel map view %@ Hotel amenities: Marrow wvour 2earch 1 -800-55
Returning: Show hotels in this area: Call now
Si3/Z008 | Budapest (and vicinity) (all arsas) E for the same
Star Rating: Mot what you'rs looking for? Checse a different destination great deals
: plus expert

Show all 4 .
| ﬂ advice
Lodging Type: “iews packages: 1 -25 25-50 51-75 76-497 Previouz | Next
| Show Al

Sort by: (¥ Expedia Picke  © Price HotelMame © City  { Star Rating " Traveler Opinion

Mame containa:

Avg/person:

Corinthia Grand Hotel Royal
Imprezssive landmark building with imposing Neo-claz=ical
W facade and zoaring glass atrium, =&t on Pest's busy Erzzébet
Avenue, and houging =hops, a 2pa, ... More ledging info

Hotel promotion - Stay 3 Nights and Save 20%: on Your
Change travelers Stay!

Total: (i) Price detailz §5778
() Get ThankYou® Points

Change Travelers

2 Adults
1 Room

TEVTYeveYs Budapest, PEST . —
. . . Traveler Opinion
Exscutive Double-Executive lounge usage Check in: 81808 4.7 outofs
Includes: Free Wireless Internet, Spa Check cut: 2/02/08 1;_ ,,_4_,, R
Credit , Breakfast Buffet R
A Amzterdam (AMS) to Budapest (BUD) Depart: 81808 &:00 PM - 2:00 PM Malev Hungarian Airlines @|
0w | ¥
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... or this one
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iphdvisor _l
YO tripadvisor R ﬂ

get the truth. then go.®

|8y 22,582 BEE Travelers from 180 Countries Flanned Trips Here This Week! Buda

Home E2 Destinations E2 Fun & Games E2 Just For Members E2 Int=

Home =+ Eurcpe & Hungary & Budapest
Search

¢x» Budapest Hotels

ADD TO MY MAP VWRITE & REVIEVW EMa
Budapest Overview

Budapest Hotels — . .
Hotels (272} B&Bs / Inns (24} Specialty Lodging (83}
Best deals: Budapest hotels
Flights to Budapest
o Find Hotels Travelers Trust Budapest: Eosk =n besozar tof T2%:,

Budapest Deals Booking com Geen reseneringskosien!

Check-in: Check-out:

P [ Great Budapest Hotels

More On Budapest E E My dates are flexible Wi VenarecomBudapsast_Hotals See maps & plos, rea

mmy S yyyy mm, 3 yyyy ook online. Retax and enjoy your stay!
Befiore You Go

Frice: Hotel class: Adults: Budapest ezzvHaotel Desls
Things to Do | Ar Eri | | . P - www easyHotsloom SRy Centre from Just €15 per nilkght fror

v Frice [l | U.S. Dollars B | Avclk=s B2 E e e
Restaurants Recommended For: Chesp Hotels Budapest
e i} (=) PE!
M | All ﬂ| wiw otel eomiBudapastHiotels Fantasiic rates on Budaps
ap T e [ = -
uge Savings, Instant Confirmation!

Traveler Fhotos ﬂ' Find Hotels View all deals for Budapest

Trawveler Videos

Farum

@® Recommended Hotels (1-20 of 272)

Free Budapest Guide

Budapest Deals

Sort by: | Fopularity Get the best picks for where to 22

and play.
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You may want to know something about
Budapest; look for some photographs...



on flickr ...

@ Hlickns Bird apestomMozlla Rne o
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SCUSSION (33 posts | Posta new topic)
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hran Herman
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on Google ...
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Web Images
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o G & i_;f I & | http:/fimages.google.nlfimages?hl=enfq=budapestihinG=Search+Imagesfghv=: 7.7 -

Video

W7 - | est tourist J-

Maps Mews Gmail more ¥

Results 1 - 18 of sbout 19,900,000 for budapest [d=finition]. [0.25 seconds)

E-mail this photo E-mail.

Budapest locks its maost Besutiful-Budapest Haztel Victoria Eludapest Fly to Budapest and sxg
Budapest 450 x 338 - 43k - jpg besutiful at ... 430 x 320 - 34k - jpg Er5x 473 -92k- jpg one ...
E50 x 412 - 40k - jpg www.transitionsabroad. com 1024 x 788 - 181k - jpg www. budapesthotels.com www. victoria. hu 505 x 882 - 247k - j";
tripadvisor. com =

B B 1
Budapest, Hungsary

web kvif. bgf. hu erling.dk

ww.sterling.dk

Danube Bridge Elisabeth in

Budapest ... inhabtitants in ... a Day ... Budapest 840 x 480 - 195 - jpg
477 x 425 - 28k - jpg 400 x 300-3 452 x 380 - 67k hungary.travelphotoguide. o
w.squidoo.com uises.sb budapesthotels.com
& T *"'*"l = 7 =
| | FREER . | A =

Budapest had 2421821 budapEEt nig r't Budapest - Things to Do with

Jewish Cultural Heritage in Hungsary, Budapest, Parlismen
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... or you can look at mine

@; MozillasEinetion: = B]x]

File Edit WView History Bookmarks Tools Help

@ - fi c [ |_] http: /v ivan-herman, net/PhotosfJalbum /Budapest/ i ~ | distributed hash © # @ T
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or a (social) travel site

@ pifefizr J'r .-’—' J'UJrJ s Realilavel Mozl adneros

Eile Eu:llt

P =Y

inde, | budapest:

ilefx' ngtcurr_.-' Eu:u:uk_marks Iu:u:-ls ﬂelp

fed c =y i} I 3 http://realtravel.com/budapest-hungary-travel-guide-d 1305 1- 1. htmi

Gk -
' realtravel Real People. Real Advice. Real Experiences."

Travel Guides Hotels : . Attractions Things To Elcm . Editor's F*ﬂ:k_. [leaf-s. :

You are here: Destinations = Europe = Hungary = Budapest = Travel Guide

BUDAPEST TRAVEL GUIDE AND TOURISM

Introduction IGui::hes Trips Photos Flights Hotels Restaurants

Budapest Travel Guide
This capital city -
the “Paris of Eastern Europe
never slows and the numerous sights can occupy

With so much history
unsatisfied.

aisteal

photo by Ta

more Budapest photos
Destinations near Budapest ¢

Travel Guide Information From Qur Partners

made up of two parts, Buda and Pest -
the most beautiful areas of the Danube River and it shows
, it iz a combination of Old W
and a thriving cultural scene. Budapest has a vibrancy
travelers

g

ReE T7 -

Free Travel Blog -

Attractions D

tits on one of
Often dubbed
orld grandeur
and vitality that
for weeks.

and culture to explore, no traveler leaves

CE)

©-0m-

X7 | travel t-:um,jr.'

Free Trip Planner © Sig

eals

Price Compare Tool

Search multiple sites
far the best rate in
Budapest

'._.l
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What happened here?

- You had to consult a large number of sites, all
different in style, purpose, possibly language...

- You had to mentally integrate all those information
to achieve your goals

- We all know that, sometimes, this is a long and
tedious process!
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- All those pages are only tips of respective icebergs:

- the real data is hidden somewhere in databases, XML files,
Excel sheets, ...

- you have only access to what the Web page designers
allow you to see
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- Specialized sites (Expedia, TripAdvisor) do a bit
more:

- they gather and combine data from other sources (usually
with the approval of the data owners)

- but they still control how you see those sources

But sometimes you want to personalize: access the
original data and combine it yourself!
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Here is another example...

"Gl Ge Valtalnziae — filozi| G Firsfo.s BEE
File Edit Bookmarks Tools  Help "

| J)GoGoDat Gollation of Gortical Data - Mozilla Firefox = -. -
bt — - = Sl e fiimdeee =Ll L€ IRl > I R (" E http:/fccdb.ucsd. edufsand fmain?event=gallery&action=showadpl=y v ﬂ % "7 ~ | red database Fediks T @ 5

File Edit Wiew History Bookmarks Tools Help

—_ . = Cell Centered Database..
i [[ﬂ 7 U

l\—) - "-) - o National Center for Microscopy and Imaging Resear;
¥,

L]
T
W

Data | Search | Gallery | Dictionary | Publications | MyCCDB | Data Download | Contact us | Hel

CoCoDat: Collation of Cortical s

\OenronDE=dhalamicyelaynenton SOVerview, (AN s Moallaianetos = ][E]*]

microcircuitry] Data| .. ...

Wiew  History Bookmarks Tools  Help i
CoCoDat is a microcircuitry database thafl & ~ hd 0 2 & £ ue ( @ ntto:fsenselzb.med.yale.edl | v 2] % ¥? - | senselab 280 -
published experimental reports. The data R e e

and cellular compartment), as well as the Weuron@@

* Norphology

* Firing properties .

« lonic currents Back Thalamic relay neuron

= |onic conductances

* Synaptic currents Mode: Overview Data/Search plus Connectivity plus Classical References/Notes Models
* Connectivty Distal Middle Proximal - - - .

" nmee iz Availah . Region: equivalent equivalent equivalent Soma Xon - Axan - Axon ol
The database is available for download u : dendri dendn dendni hillock fiber terminal Compartments
data tables but alzc a Search Board with | dendrite dendrite dendrite
manual or automatic relaxation of the sed| properties: Receptors Channels Transmitters All Properties

* Brain regicn Interoperation: Gene and Chromosome Experimental Data (neurodatabase.org) Microscopy Data (CCDB)
s Layer Meuron type:  principal
* Meuron type Organism: Vertebrates
http: ffwww.cocomac, orgfcocodatfcatalyzer fing
1 Equivalent dendrite ey
QU other
5 Ded _ Distal equivalent Show
“dendrite ather
Derm _ Middle equivalent Show
D ~dendrite ather
, Proximal equivalent Show
“dendrite ather
Show
. 5o0ma other

Done

i
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Another example: social sites. | have a list
of “friends” by...
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... Dopplr,

m . - . e Tl
@ ROERIH VAR Enman sl ovwinavellens ozl s iEneTios = J[2][x*]
File Edit View History Bookmarks Tools Help
el i Ty
* A OF e “» g} I-. . http: v, dopplr . com ftraveller TvanHermanfellows ﬁl:’ T? T W or easy et @ h ?‘3 ™ -

[~

_ DOPPLR ﬂ FOR VAN Find and Invite Your connections | Yourtrips | Your account | Sign out
our blog

Where Next? Gent, Boston, Vienna...

+ Add atrip
Type the name of a city or a traveller Find peopls and places
Welcome, lvan
In the last 2 weeks,
one of vour fellow travellers added a trip that coincides with vou. Find cut more in vour journa

ou are at home in Amzterdam.

-

“ou can invite people to Dopplr to 2ee your trips, find them on other networks yvou uze
or look for travellers vou already know to encourage more coincidences.
“ou have a public profile. Edit it?

You can now create a public profile to display to the whole internet if you want, not just Dopplrusers — and take
any of the information to embed on your own website. Give it a try! [x]

Yourtrips Fellow travellers Your journal Your carbon

Peter Brown is in Montréal until August 16th. Boston soon. Montréal later.
Daniel Appelguistis in Washington until August 23rd. Aspen soaon. Washington later.
E

va Méndez is in Marafia until August 17th. Santo Domingao later.

P

] Danny Weitzner is in Bergen until September 5th. Los Angeles later.

r
o

id Charlton Barreto is in Vienna until August 18th. Sacramento soon. Vienna later.

;.

<]
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... Twine,

f@ MyGonnestions:|pine=Mozliafinefox CIEx)
i File Edit View History Bookmarks Tools Help

| G| : | : — 1 [ T —

i' * X 5 C > g} | 4 | http: /fwww. twine. com/user fivanherman /connections @TH\? | |W*iEﬂSYJET }| @ -0 ™ -

é’l ﬁ-ﬁfk 4 Qfﬂ . wanherman | Logout | Acommt |
& 8

3 i My ltems v | My Twine=s v | My Connections : Explore v | Start a Twine

My Connections

[Search within My Gonnections Q View| A Ed | sort by[ Most Recent =

Dean Allemang

at home & connectwith Peop
Qakland, CA

3 Twines | 4 ltems

Send Message | Disconnect

Refine your view by... Q

[———

You can also filter by selecting from =] Invita Peopls to Tw
the following categories.

P related twines
Recommended N

jim
David Provost got my
; sanfra
Breathing 83 Twi
Boston

p Steve
| Seattle
L 38 Twi

20 Twines | 15 ltems
Send Message | Disconnect

Jame:
living i
: 95008
Attila Gardos 122 Tw

Hungary, Budapest ;
5 Chris .

9 Twines | 8 ltems
; All rea
Send Message | Disconnect Mill Val
73 Twi
|

B

‘@ S ¢i
W3C R werntie
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... LinkedlIn,

1 .——i
@ lmkedlnsMyitontactssGonnectyons = Mozilla ek = [B][*]
File Edit View History Bookmarks Tools Help

- a C & g}’ I: E http: fwvew Jinkedin, comfconnections?trk=hb_side_cnts T 7| | W | easy jet J' @ - = -

. Acoour & Bemings | Help | Signow agiagE l;'
Linked ).
People |~ Jobs| ~ Answers |- Companies | - AmEnEn S -
Homa Contacts
GIoups . |
F & Connedions Impeorted Contacts Metwork Statistics Add Connections |

)

Profila +

Contets + Connections

O EDP-E

nbox 13} +
D Show contacts with new connections » 3daEnced options
Showing 311 of 311 commecilons: 15 custanding e Shons
Ivan A A E
erman B CEC at Franz Inc ,';i‘, 252 _]
A = I: -
Wide o
E Chief Product Officer at ILOG AR
F ey
G
" H Adida, Ben Software Security Researcher and Entreprensur @I 122
| oeniTatiia et ey
J Rl
K Allemang, Dean Chief Scientist at TopQuadrant Inc. -EQ.& 172
L dinc-linkEn ey -L:,.'
I View & &
" i i San F ico Comes = The Fi izl Times
o ﬂ_|.||5.}|-|. Ef-t.-_m an Francsice Comespondent at The Financisl Times @_\I 152
=, [ com Wy
P‘ L1
Q
R eGovernment Lead at WL @I 105
5 Nl
T =

¥
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... and, of course, Facebook
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.
] : . ) : —
@ racehooks | AllNRnemas = Marillaermnero:

View History Bookmarks Tools  Help

G R

- i . P D e . - . ' P . o
o G & g_,f L http: {fwww.new. facebook, com friends/# ffriends /7 flid =0 &view =everyone & BTT v W 7 easy jet e

Welcome to the new Facebook

facebook
All Friends

Friend Lists

] cw
0] Family
] w3c2

IE] W3C Team

J'EY Make a Mew List

Find Friends

Eﬂ.} Find people you know
who are already on
Facebook

Invite your friends to
join Facebook

Ivan Herman

Friends Applications Inbox

Showing: Status Updates Recently Updated Phonebook m

Show: Choose an option. .. B

You have 137 friends.

Shadi Abou-Zahra

Ross Ackland

Ben Adida

Anupriva Ankolekar

Daniel Appelquist is hanging out in Aspen.

B 15 hours ago

PR Lo Arovo

Home Settings

Send feedback | Back to the old Facebook

Search

Logout

Search Friends Advertize

Make mo
Discover Al

world n®1 a
marketplace

2 3 Mext

|=

DoYouT
Photos?

Make your
book, from

Maore Ads

e &

&

E
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- | had to type in and connect with friends again and
again for each site independently @

- This is even worse then before: / feed the icebergs,
but | still do not have an easy access to data...
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What would we like to have?

- Use the data on the Web the same way as we do
with documents:

- be able to link to data (independently of their presentation)
- use that data the way | want (present it, mine it, etc)

- agents, programs, scripts, etc, should be able to interpret
part of that data
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Put it another way...

- We would like to extend the current Web to a “Web
of data’:

- allow for applications to exploit the data directly
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But wait! Isn’t what mashup sites are
already doing?
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A “mashup” example:

.® it BUnE anz ey ourehnay el Sozl dasneTon: a8 L.:li_iﬁi

File Edit Wiew History Bookmarks Tools Help
G - wr G & ﬂ.}f Q I: =4 | httpe v, tripit, com ftrip fshow fid /2 53266 T ov| 20 -9 = -
Tnp Details 0 Summary View & Expanded View 4 View Change Log B

Budapest, Hungary {Edit]

© Thursday. July 24, 2008 S Sommy | H 220 1 Lo 145 Add Plans

9. o Flight from Amsterdam (AMS) edit| delete | copy | move
FLIGHT ; ; . . .
Swiss Intemational Depart: Amsterdam (AMS),  nonstop Conf. # JFFRAL
irli EE c Simii
1455 Airlines 729 14:65 CEST 11 [
= Arrive: Zurich (ZRH), 16:2
CEST 274 miles
® Connects to: LX 2258 at Passengers Booking Information
17:20 CEST [van Herman Booked on 18/4/2008
Eva Boka ep Herman hitpfferanas swiss.com
9. © Flight from Zurich (ZRH) to Budapest (BUD) edit | delete | copy | move
FLIGHT ) ) o .
Swiss Intemational Depart: Zurich (ZRH), 17:20 nonstop Conf. # JFFRAL
irli [
1790 Alrlines 2258 CEST w
SEeT Arrive: Budapest (BLDY, Ty

18:585 CEST

Fassenger(s): lvan Herman, Eva Boka ep Herman.

MAPS Budapest, Hungary -
e R _ & NI
1005 [1] ¢ ¥ | Qi e e | Map |satelite] Hybrid |
) . . L - = 1) Ige 3
CEST N U PSS . | o
S ___F:UI -.1 N : (&t : _.
. = E- ‘,5 1| P [ . u
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In some ways, yes, and that shows the huge power
of what such Web of data provides

- But mashup sites are forced to do very ad-hoc jobs

- various data sources expose their data via Web Services
- each with a different API, a different logic, different structure

- these sites are forced to reinvent the wheel many times
because there is no standard way of doing things @
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Put it another way (again)...

- We would like to extend the current Web to a
Standard way for a “Web of data”
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But what does this mean?

- What makes the current (document) Web work?

- people create different documents

- they give an address to it (ie, a URI) and make it accessible
to others on the Web
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et 'WEb



59

Steven’s site on Amsterdam
(done for some visiting friends)

@ dnedntemetisindetomstendam ozl 2 e

File Edit View History

ﬁ =

ConIents

Introduction

Time

Weather
Language

Money

Tipping

Electricity

Safety and Health
Hotels

Eating and Drinking
Transport
Shopping

Newes
Communications
Places to See
VWhat's On

The Amsterdam Year
Maps

Books

Other Resources

Toolz  Help

Luf (3' “» i} I o, | http:fhomepages, owi.nlf~steven amsterdam, hitml

Internet Guide fo Amsterdam

Designed to be printed out and taken with you.

Written by Steven Pemberton, CWI, Amsterdam, and
Astrid Kerssens, Amsterdam.

Linked to by more than 450 other sites; more than
3,500,000 gruntled readers!

The top Amsterdam travel guide according to Google. If
you know how Google workes, you know that that says
something about this site!

wed By: Jans Hosloyn
Sometimes, it's the simple things in life that make your
heart skip 3 beat.

This is e=specislly trus whan you'n

¥

Intreduction

ﬂ.".‘"u ctardom re o e

(=g F=1,

| mifw in that if hoe all tha advantanae nf 2 hin cifv — colfoira hiefone

=
frnrl  anfarfainmeant oo '—.—I
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Then some magic happens...

- Others discover the site and they link to it

- The more they link to it, the more important and
well known the page becomes

- remember, this is what, eg, Google exploits!

- This is the “Network effect”: some pages become
iImportant, and others begin to rely on it even if the
author did not expect it...
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This could be expected...

 WIWWE Oreanizens - Operna; = E]x]

File Edit View Bookmarks Widgets Feeds Chat Tools  Help

(77 QuickP... /7 Diigolet [ IPyt... = [ JBoo... » [Iw3... = [(sem... * (JROF... > 7 validate! @ Mobical [ JFavikie * (Twi... ~ [glNetvibes 7 World ...
i 3 H [D W\ Organizers ;..:I\ ] /
“ a4 N s |D http: /fwwws, orgfwS-organizers.hitml |E| |u:||:|-masnn:hism ';-.'El:usitEE [

WWWS9 Organizers

May 15-18, 2000, Amsterdam

udadui UL WWWS9 Conference Committee
PROGRAM INFD

SPONSORING Conference Co-Chairs:

L HIBTING + |van Herman, C\WWI, The Netherlands

VOLUNTEERS + Albert Vezza, CHRI, USA

D REANITERS Program Committee Chair:

+ Dick Bulterman, Oratrix, The Netherlands
AMSTERDA M

Program Committee Vice Chairs:

CONTACT OB

Practice and Experience + Ann Bassetti, Boeing, USA

Content and Coding + Stephan Fischer, Technical University, Darmstadt,
Germany

Hypermedia + Lynda Hardman, CWI, The Netherlands

-
o ol & 1 iCina o e D18

| 8- > [Q 120% [+
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ut this one, from the other side of the Globe,
was not...

I . e o e =1
I Netherlandss; pRngibnedklnfonmation Mozl airneTio = |[B]x]
File Edit Wiew History Bookmarks Tools Help

G & i e “» i;f I: |j http:/fmsass. caze. edufinternational jSPMetherlandFAC  himl ﬁ:'_'f‘ | |THP~ 8] @ - {"3 = -

CASE.EDU: HOME | DIRECTORIES | SEARCH

CASE WESTERN RESERVE

MANDEL SCHOOL OF APPLIED SOCIAL SCIENCES C O U R S E S / P RO G R A M S

MSASS | About | Admissions | Programs | Students | Faculty | Research | Library | Calendar | Departments

A
UNIVERSITY INTERNATIONAL l

International Netherlands - Spring Break Information
Courses
General Information Please also see the following links for information on the trip to the Netherlands

Descriptions by Country s General FAQ

Passport Application ¢« Appling for a Dutch Visa
. ¢ & Students Photo Journal of the Netherlands
Dutch Visa Application

Previous Trips What Forms do I need for this Program?

Testimonials All of the forms vou will need are linked from the Forms page.

A\
\

More information? Check out these links:

lAmsterdam Links

Spring Break Trip participants to Amsterdam may familiarize themselves with Amsterdam by
vigiting the following web =sites. On website address nl refers to the Netherlands.

IInformation on trave! outside the United States , including instructions on getting a passport:
http://travel.state.goy

A must see wehsite http://homepages.cwi.nlf~steven/amsterdam.html

nite

Tu Pl aa R ot d =N A T YA TI LN

Virtual Tour of Amsterdam: http://www.channels.nl Q
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What would that mean for a Web of Data?

Lessons learned: we should be able to:

- “publish” the data to make it known on the Web
- standard ways should be used instead of ad-hoc approaches

- the analogous approach to documents: give URI-s to the data

- make it possible to “link” to that URI from other sources of
data (not only Web pages)

- 1e, applications should not be forced to make targeted
developments to access the data

- generic, standard approaches should suffice
- and let the network effect work its way...
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But it is a little bit more complicated @

- On the traditional Web, humans are implicitly taken
Into account

- A Web link has a “context” that a person may use
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Eg: address field on my page:

@ Ivan hienman S MoEllaiRneios - =] B”
File Edit Wew History Bookmarks Tools Help
- o G & g‘/ | |j http: ffwww.w3.org/People/Tvan ﬁﬁ:? MR i

rur:* ------------------------------------------------------------------------------------------------------------------------------------------

“uat

Ivan Herman

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

My Work at W3C

Conference C-:mmltt -;j: [the |:|:|mm|ttee coordinating the yEEIF|:r '.“'."."'.".“'.' conference SEFIES_. semng as a I|a|5|:|n fu:ur W3C,
and of 2Ws4 (Semantic Web Science Association), the committee responsible for the International Semantic Web

Caonferences series.

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

Contact information

Email:

ivani@wa3.org

(shalsum: 5acBls2dsicitdaalidbeaziclettitbaidse 00
Fostal address:

Clo Centre for Mathematics and Comuputer Sciences (CWI)

krietaag 413 P.O. Box 94079, 1090 GB Amsterdam, The MNethamamds
Fhone numbers:

phone: +31-20-5924163

mobile phone: +31-641044153

fax: +31-20-5824312

PGRIGPG:

My GnuPGF key and signature is available an-line.
FOAF:

You can either extract a short FOAF infarmation from this page, of consult my maore complete, public FOAF file. EI
Misc:
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leading to this page

3

Centnum Wiskunde &l nfonmatica)

EWI = Mozilla RmeTos

COHEE e o

File Edit View History

Bookmarks  Tools

Help

e

W hitp: e, owinlf

about cwi

Centrum Wiskunde & Informatica

News

15-10-08

FhD {iefen{:e Jarek Byrka

events library

220805
m Best Paper Award for SMIL State research
At the ACM DocEnginesrin

Nnews

Q) @O =~

'

=
"y [=(w~

I

|SEarch...

research scientists

Agenda

18-10-08

Science Day st the Science Park Amsterdam

-
21-10-D8
MAS Seminar, speaker Svetlana Dubinkina
Two spesker zeszion
Speskers:
Svetlana Dubinkira, CWI MAS 1, tha
2. James Glazier, University of Indiznz Bloomington, tha
read more
28-10-D3
MAS Seminar, speaker Feter Sonneveld Y

13
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- A human understands that this is my institution’s
home page

- He/she knows what it means (realizes that it is a
research institute in Amsterdam)

- On a Web of Data, something is missing; machines
can’'t make sense of the link alone
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New lesson learned:

- extra information (“label”) must be added to a link: “this links
to my institution, which is a research institute”

- this information should be machine readable

- this is a characterization (or “classification”) of both the link
and its target

-+ In some cases, the classification should allow for some
limited “reasoning”
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Let us put it together
- What we need for a Web of Data:

- use URI-s to publish data, not only full documents
- allow the data to link to other data

- characterize/classify the data and the links (the “terms”) to
convey some extra meaning

- and use standards for all these!

%r‘"' ¥ Semantic
et 'WEb




So What is the Semantic Web?

%r‘"' ¥ Semantic
et 'WEb




It is a collection of standard technologies
to realize a Web of Data
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It is that simple...

- Of course, the devil is in the detalils

- a common model has to be provided for machines to
describe, query, etc, the data and their connections

- the “classification” of the terms can become very complex
for specific knowledge areas: this is where ontologies,
thesauri, etc, enter the game...

WS: 'm W3Cas | | W3l \s

W3C is

W3C s

WY RDFa
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In what follows...

- We will use a simplistic example to introduce the
main technical concepts

- The details will be for later during the course
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The rough structure of data integration

1. Map the various data onto an abstract data
representation

- make the data independent of its internal representation...
2. Merge the resulting representations

3. Start making queries on the whole!

- queries that could not have been done on the individual data
sets
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A simplified bookstore data (dataset “A”)

&

ID Author Title Publisher Year
ISBNO0-00-651409-X id xyz The Glass Palace id_qpr 2000
ID Name Home Page
id_xyz Ghosh, Amitav http://www.amitavghosh.com
ID Publ. Name City
id_qpr Harper Collins London

W3C

Semantic
' Web
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1°': export your data as a set of relations

The Glass Palace | __2:title

http:/l...lisbn/00065 1409X

2000 a:year

a:city

a:p_name .

a:publisher

London

Harper Collins a:author

a:name achomepage

Ghosh, Amitav b C http:llwww.amitavghosh.com )
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Some notes on the exporting the data

Relations form a graph

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

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

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
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Another bookstore data (dataset “F”)

A B D E
1 ID Titre Traducteur Original
ISBNO 2020386682 Le Palais A13 ISBN-0-00-651409-X
des
) miroirs
3
5 ID Auteur

7 ISBN-0-00-651409-X A12

11 Nom
12 \Ghosh, Amitav
13 Besse, Christianne
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2": export your second set of data

http:/l...lisbn/00065 409X

f:auteur

Le palais des mirroirs

foriginal

http:/l...lisbn/2020386682

Q \aducieur

f:nom
finom

\

Amitav Ghosh ' Christiane Besse i
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3": start merging your data

atitle

The Glass Palace

http:ll...lisbn/00065 | 409X

2000 '(_“:"e”

acit

London

Harper Collins

ttp:ll.. Jisbn/000&5 1 409X

Le palais des mirrairs

f.original

Ghosh, Amitav b http:/lwww.amitavghosh.com

fauteur

peil...lisbn/202038668

f:traducteur

finom

Ghosh, Amitav Besse, Chr!stiuneh

Y . Semantic
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3: start merging your data (cont.)

The Glass Palace

‘ http:ll...lisbn/00065 | 409X

Same URT = Same Resources

Le palais des mirroirs

Ghosh, Amitav b

peil...lisbn/202038668

f:traducteur

finom

Ghosh, Amitav

Besse, Chrlstlnneh
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3“: merge identical resources

The Glass Palace a:title

2000 | E ayear

a:ci

London

Harper Collins

d.p_name

a:publishe

a:authop

a:nan/
athomepage

Ghosh, Amitav b

http:/lwww.amitavghosh.com

frauteur

http:ll...lisbn/00065 1 409X

Le palais des mirroirs

froriginal

http:il..fisbn/2020386682

Besse, Christiane
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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 l'original »

This information is not in the dataset “F"...
...but can be retrieved by merging with dataset "A”!
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However, more can be achieved...

- We “feel” that a:author and £: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
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3“ revisited: use the extra knowledge

actitle

The Glass Palace

2000 I : d:yedr

Londaon

http:l... lisbn/D0065 1 409X

Le palais des mirroirs

f:original

httpeil... lisbn/2020386682

f:traducteur

a:author
fauteur

Harper Collins

ritype foaf:Person

foaf:homepage

foaf:name

‘‘‘‘‘‘
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Start making richer queries!

User of dataset “F" can now query:

- “donnes-moi la page d'accuell de I'auteur de l'originale”
- 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”
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Combine with different datasets

- Using, e.qg., the “Person”, the dataset can be
combined with other sources

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

- e.g., the “dbpedia” project can extract the “infobox”
iInformation from Wikipedia already...
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http://dbpedia.org/

Merge with Wikipedia data

The Glass Palace a:title

2000 E ayear

a:cit

a:publishe

London

a:author
fauteur

Harper Collins Zp_name

foaf:name / foaf:homepage

http:liwww.amitavghosh.com

foaf:name

v

rdf:itype
Ghosh, Amitav TP

p:reference

http:i/dbpedia.orgiresourcel/Amitav_Ghosh

htep:il...lisbn/00065 1 409X

Le palais des mirroirs

f.original ftitre

ttp:ll...lisbn/202038668

fitraducteur

foaf:name

| Besse, Chn'stiuneh

H ’
-
L

68
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Merge with Wikipedia data

The Glass Palace |ug_2:title

c http:/l.. fisbn/00065 | 409X
—

.,

Le

alais des mirroirs

a:cit a:publishe f.original

. a:author
a:p_name f:auteur

foaf:name / foaf:homepage A

/ foaf:name
rdfitype
Ghash, Amitav http:/fwww.amitavghosh.com
f

foaf:name
http:/ldbpedialresource/The_Glass_Palace

Londeon

ttp:ll... lisbn/202038668

fitraducteur

Harper Collins

p:reference

http:/idbpedia.orglresourcelAmitav_Ghosh prauthor

p:author

http:lidbpedia.orgiresource/The_Hungry_Tide

p:author

& Eﬂp:r'fdbpadiu.crgfmswmaﬂ hq_f:nkum_ﬂhmmnsomoi

Y . Semantic
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Merge with Wikipedia data

The Glass Palace |ug_2:title

c http:/l.. . fisbn/00065 1409X 3

o~
a:cit a:publishe f.original

. a:author
a:p_name fauteur

foafname / foaf:homepage pisbn

/ foaf:name
rdfitype
Ghash, Amitav http:/fwww.amitavghosh.com

foaf:name
http:/ldbpedialresource/The_Glass_Palace

Le palais des mirroirs

Londeon

ttp:ll... lisbn/202038668

fitraducteur

Harper Collins

p:reference

http:lidbpedia.orgiresource/Amitav_Ghosh prauthor
. http:/idbpedia.orgiresource/Kolkata
p:author P'macﬁ'_hof b@
~ith longd
http:/idbpedia.orgiresource/The_Hungry Tide p:latd p-iong
p:author

& Enp:r'fdbpadiu.crgr'mswmaﬂ he_anum_Ehmmnswnoi
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Is 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
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What did we do?

- \We combined different datasets that

- are somewhere on the web
- are of different formats (mysql, excel sheet, XHTML, etc)
- have different names for relations

- We could combine the data because some URI-s
were identical (the ISBN-s in this case)

- We could add some simple additional information
(the “glue™), possibly using common terminologies
that a community has produced

- As a result, new relations could be found and
retrieved
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It 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
- efc.

- This Is where onfologies, extra rules, etc, come Iin

- 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
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What did we do? (cont)

hitpJ . xample.org/ e example.orgy..

\
A somathing said here onthe bioinfomatics data
@ (] e which s then diescribed in human terns
] if somebody can read thet, whichis profably
% & pclopiodi

Applications Query,

Manipulate,
etc.
Data represented in abstract format Map,
Expose,
etc.

OO0
1
000
HUUCL
[O00L
1
(0000
OO0

Data in various formats
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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
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RDF triples (cont.)
- An RDF Triple (s,p, o) Is such that:

(14 7 (14 7 (13 b

s”, 'p are URI-s, ie, resources on the Web; “o" is a URI or
a literal
“s”, “p”, and “o” stand for “subject”, “property”, and “object”

- here Is the complete triple:

(<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, RXR, ...)
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RDF triples (cont.)

Resources can use any URI, e.qg.:

- http://www.example.org/file.xml#element (home)
- http://www.example.org/file.html#home
- http://www.example.org/file2.xml#xpathl (//q[@a=b])

URI-s can also denote non Web entities:

- http://www.ivan-herman.net/me iS me
- not my home page, not my publication list, but me

RDF triples form a directed, labelled graph
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A simple RDF example (in RDF/XML)

http:/l...lisbn/2020386682

| Le palais des mirroirs h C http:l...lisbn/00065 1409X i

<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)
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A simple RDF example (in Turtle)

http:/l...lisbn/2020386682

| Le palais des mirroirs b C http:/l...lisbn/000651409X i

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

a:publisher http:l...lisbn/00065 1409X
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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".

- Syntax is serialization dependent

- A234 is invisible from outside (it is not a “real”
URI); it is an internal identifier for a resource
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Blank nodes: the system can also do it

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

<rdf:Description rdf:about="http://../isbn/000651409X">
<a:publisher>
<rdf :Description>
<a:p_name>HarpersCollins</a:p name>

</rdf:Description>
</a:publisher>
</rdf:Description>

a:ci

aipublisher " httpl...lisbn/00065 409X
a:p_name

London

Harper Collins
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Same in Turtle

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

aipublisher " httpl...lisbn/00065 409X

Harper Collins
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Blank nodes: some more remarks

- Blank nodes require attention when merging

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

- implementations must be careful...

- Many applications prefer not to use blank nodes
and define new URI-s “on-the-fly”
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RDF in programming practice

For example, using Java+Jena (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
- efc.
- the rest is conventional programming...

- Similar tools exist in Python, PHP, etc.
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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 () ;
p = st.getProperty() ;
o = st.getObject() ;
do_something(p,0) ;
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Merge in practice

Environments merge graphs automatically

- e.g., in Jena, the Model can load several files
- the load merges the new statements automatically
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Example: integrate experimental data

Internal Compound Repurpasing Example @

‘Welcome, Allergy & Respirabory Team Member

Tt o i B idderatndy opporturlied T aditenal ini of compounds brm othar T within yoor peoect, B oomsden) intermal data, poble data and the neat of dats g
weperimenty 1o provide Tebable bypothes

- Goal: reuse of older

= frea 5% Mpproach 35 Term+Reason 15 Mae Stage Peached 17 Literature Links
experimental data Ri=o e onths 7% 0
Metabolic Disse < Bacoimbirert BIOMARYER [ty :
e 1S gt ¥ OSIEFICADY Bl Explrary

. Internal Compound Repurposing Example
- Keep data in i —— fieor
T rewl alewary ywoms 10 hniehy oppearturdlisd e it ine of coongeiry from other T, et yor g, 1 oomdare el duta, bl data sl e neuifs of oese semey

wpwvimenty |0 e Tetable bypof heses

databases or XML,

Aroa 5% Approach 3% Term+Reason 15 Max Stage Reached 17 Literature Links enih
- (11 b b Pain 2 Ao ACTIVE [ Candidsti & gotg 1]

u St eX O rt e a Ct Matabaodic Disease ¥ | Recombinart BIMARER Disconiry :
Carver D1 B Aganist ® 5 EFICACY ® O Eplrstory iia

Semm| Health G S Antaganist s MARYET HTS .
R D F Tnfectives ¥ 01 SM_nhibitor % || REORG T 1) Pl =

a S Urogenitals Cd ToN Phazs [11

3 = .- Teering x » : W
SV e et o T gl it P e

Arva  Drigialsindcation.  Tagel_fame  Ajproach  Start Terms Reison Max_Stage_Reached Cwner (i LE_SE Lit_7007 Lit_Misch 1548 GED Pathe ing Comprendhs

° Meabols  Dabetr Liver girogen SH nhibdr 2702 EFFICACY Cardcais P Parson SNHIO0OTE 5]
i PRy
Seousl  Erchi Defrcion - Infegrm aipha-2 Shd_Aniingonist J0R-03 EFFICACY Cardcals A L IR
 § 1

: Pirsn
iR A
u u L) (oDt i
Soeri i Eroctig Dyforrcton  Leukoinong Cf spnfuns. S agone 6053 EFFICACY Cardhals M. SNRE0TE0H
He Mg
Eapri Bt Dpincion | Tarar eorgson Sk nhiber  J0S-CE EFFICACY Candiais P. Porign SHRIDRRDS )
s faer & (Silelm 4
L] L} it HIY Futgivn fur ropast on S nhidy 00600 EFFICADY Cardcaie L Coair ST
a I t ra Ct W I t t flachven RV Woltage-gaeed polmmien S Agonat - 2ONT-(Y EFFICACY Cardicain E SAHISET
T otk sl g sl
e, oo Whan B besng W e NOMIERICADY  Candiw L L R
l | moilf (FEH] gorm,
et 0ok
Fan My sre Morocar tomy o S _rhibdor - 7053 EFFICACT Cardoale L. L SRNHOO00E
Toreprt

PGl FAEATL

Courtesy of Nigel Wilkinson, Lee Harland, Pfizer Ltd, Melliyal Annamalai, Oracle (SWEQO Case Study)mc %' fﬁgﬂa"t'c



http://www.w3.org/2001/sw/sweo/public/UseCases/Pfizer/

One level higher up
(RDFS, Datatypes)
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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...
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Classes, resources, ...

- Think of well known traditional ontologies or
taxonomies:

- use the term “novel”

- “every novel is a fiction”

- “«The Glass Palace» is a novel’
- 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”)

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

Relationships are defined among classes and
resources:

- “typing”: an individual belongs to a specific class
- “«The Glass Palace» 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
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Classes, resources in RDF(S)

httpl...lisbn/000651409X ) /P )-

- RDFS defines the meaning of these terms

- (these are all special URI-s, we just use the namespace
abbreviation)
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Schema example in RDF/XML

-+ The schema part:

<rdf :Description rdf:ID="Novel">
<rdf: type
rdf:resource="http://www.w3.0rg/2000/01/rdf-schema#Class" />
</rdf:Description>

The RDF data on a specific novel:

<rdf:Description rdf:about="http://../isbn/000651409X">
<rdf:type rdf:resource="http://../bookSchema.rdf#Novel"/>
</rdf:Description>
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Further remarks on types

- A resource may belong to several classes

- rdf:type is just a property...
- “«The Glass Palace» is a novel, but «The Glass Palace» is
also an «inventory item»...”

- l.e., It is not like a datatype!
- The type information may be very important for
applications

- e.g., it may be used for a categorization of possible nodes

- probably the most frequently used RDF property...
- (remember the “Person” in our example?)
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Inferred properties

(" httpil...lisbnl00065 1409X } rekype ;..

(<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

%r‘"' ¥ Semantic
et 'WEb




98

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 .
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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

- 1.e., what type of resources serve as object and subject

%r‘"' ¥ Semantic
et 'WEb



100

Property specification serialized
In RDF/XML.:

<rdf:Property rdf:ID="title">
<rdfs:domain rdf:resource="#Fiction"/>
<rdfs:range rdf:resource="http://...#Literal"/>
</rdf:Property>

In Turtle:

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

<http://../isbn/000651409X>
:page number "543"“*“xsd:integer ;
:publ date "2000"**xsd:gYear ;
:price "6.99"**xsd:float .

%r“*’ Semantic
o ' Web




104

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...)
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Example: find the right experts at NASA

- Expertise locater for nearly 70,000 NASA civil
servants, using RDF integration techniques over 6
or / geographically distributed databases, data
sources, and web services...

e

POPS v.28.3 - Connected to 'POPS on FatDuck' - Using Model '"POPS on FatDuck Model' - Logged in as 'Michael Grove'
Eile Options Bookmarks aAdvanced Help

e 2] [+ L] [+ =) =
ARC * | |Mars Global Surveyor « | |Asrobiology 2 | |Jeanme M M
DFRC Mars Odyssey 2001 Astronomy and Astrophysics
GRC Mars Ré&A Climate Change and Variability
CSFC Mars Reconnaissance Orbiter 2005 (... Earth Atmosphere
HQ Messsenger Earth Science Applications Research
L5 Minor Revital Earth System Modeling
JPL Mission Operations LI} | Fia Physics
J5C Mission Science Guest Inve stigator Fundamental Physics )
KSC w1 | mission Success - Center Specific Ceop hysical/Ceologic Science
LARE Multi-Mission Operations Ceospatial Science and Technologies
MAF MMP Program Management and Futur... lcing Physics
MSFL 1 NPOF S Pranarannas Proiact (NPPY 1 Laser Technology Y
Source: x500 Source: WIMS Source: CMS Sourc
= >

Information Panel

View Different Social Network's Present in the Data

e Same Skill and Same Department)
Jeanne M - Same 5kill and Same Project
\ — Same Skill, Project, and Facility

Skill: Earth Scienkps Competency Suite — Am | Connected?
Project: Center Investment Accounts \_Micnnel H Grove
Faciliny: HO— Rame: Michael Growe
\ — Email; Enasa.
¥ <3 Phone: 301
ety T Employer Clark and Parsia
1ofl

" Social Net _‘

W‘Sr“" . Semantic
Michael Grove, Clark & Parsia, LLC, and Andrew Schain, NASA, (SWEQO Case Study) o E' Web



http://www.w3.org/2001/sw/sweo/public/UseCases/Nasa/

How to get RDF Data?

(Microformats, GRDDL, RDFa)
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Simple approach

- Write RDF/XML or Turtle “manually”

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

- Two solutions have emerged:

- extract the structure from the page and convert the content
into RDF

- add RDF statements directly into XHTML via RDFa
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Extract RDF

- Use intelligent “scrapers” or “wrappers” to extract a
structure (hence RDF) from a Web pages or XML

files...
- ... and then generate RDF automatically (e.g., via
an XSLT script)
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Formalizing the scraper approach: GRDDL

GRDDL formalizes the scraper approach. For
example:

<html xmlns="http://www.w3.0rg/1999/">
<head profile="http://www.w3.0rg/2003/g/data-view">
<title>Some Document</title>
<link rel="transformation" href="http:../dc-extract.xsl"/>
<meta name="DC.Subject" content="Some subject"/>

</head>
<span class="date">2006-01-02</span>

</html>

yields, through dc-extract.xsl:

<>

dc:subject "Some subject";
dc:date "2006-01-02" .
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GRDDL

- The transformation itself has to be provided for
each set of conventions

- A more general syntax is defined for XML formats
In general (e.qg., via the namespace document)

- a method to get data in other formats to RDF (e.g., XBRL)
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Example for “structure”: microformats

- Not a Semantic Web specification, originally

- there is a separate microformat community

- Approach: re-use (X)HTML attributes and elements
to add "meta” information

- typically Rabbr, @Rclass, @title, ...
- different community agreements for different applications
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RDFa
- RDFa extends (X)HTML a bit by:

- defining general attributes to add metadata to any elements

- provides an almost complete “serialization” of RDF in
XHTML

- It is a bit like the microformats/GRDDL approach
but fully generic
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RDFa example

- For example:

<div about="http://uri.to.newsitem">
<span property="dc:date">March 23, 2004</span>
<span property="dc:title">Rollers hit casino for £1.3m</span>
By <span property="dc:creator">Steve Bird</span>. See
<a href="http://www.a.b.c/d.avi" rel="dcmtype:MovingImage'>
also video footage</a>..

</div>

- yields, through an RDFa processor:

<http://uri.to.newsitem>

dc:date "March 23, 2004";
dc:title "Rollers hit casino for £1.3m;
dc:creator "Steve Bird";

dcmtype :MovingImage <http://www.a.b.c/d.avi>.
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Example: Yahoo’s SearchMonkey

- Search based results may be customized via small
applications

- Metadata in pages (in RDFa, microformats etc) are
re u S ed " ivan herman linkedin - Yahoo! Search Results - Mozilla Firefox aaa)

File  Edit View History Bookmarks Tools Help "

O -

@ Warld Cladk Metvibes | Twines |[) Search Maohical _| Validate! |[) RDFait! ) Semantic Web ) W3C Mailing lists [_) Bookmarklets 2

-

l‘) - - g B & E5F ﬂ,‘f (J “¥? hitp:/fsearch.yahoo.com/search; _ (G | = % “X? ~ |ivan herman /—j |'-3 -

Velcome, herman_ivan [Sign O

Webk | Images | Video | Local | Shopping | more =

ivan herman linkedin Search Options - I AHOO..’ |

= 4_10cfabout" 33,000 for ivan herman linkedin (About this page)- 017 sec V Searu:hSu:an__,I
Ivan Herman - Semantic Web Activity Lead, World Wide Web
Consortium -...

Current: Semantic Web Activity Lead, World Wide Web
Consartium
Connections: 258

@ www linkedin.com/in/iherman -

Ivan Herman's professional profile on...
ﬁ ndustry: information technology and services | United States

Ivan Herman

Ivan Herman. Centrum voor Wiskunde en Informatica (CWI} Kruislaan 413, P.O.
... Further data on my private home page/blog, my FOAF file, or my Linkedln
Profile ...

www.ivan-herman.net/professional - Cached

i |
i Z@ - ==
. V' 97 Semantic
Courtesy of Peter Mika, Yahoo! Research, (SWEO Case Study) < WP Web



http://www.w3.org/2001/sw/sweo/public/UseCases/yahoo/

Example: RDFa data by the
London Gazette

7 e T
\ JiSeanch iesults SMovilladarerox ﬂEIE:ﬂ
Fle Edit view History Bookmarks Tools Help &
. - v @ @ i~ g}‘ [ C:‘ htlp:,-",."'..\"A"N.gazet‘tes-cunline.cu:u.uk,r‘v'iewGazetteDu:ucument.aspx?atdncid=5-13?822&GEQ.1 - ) Vel £33+ wilkia Search (3\ @ - i}ﬁ

h,_\*
The =
Lpndon i
Gazette
Search Results
Home
Results 0 of 14 gazette documents
About the Gazette Back o resulls
Browse
Seasch Taoks Documents: Previous 10 11 12 13 14
My Account
MY Motices Date: 31 October 2008 I=s=sue Number: 58370 Page number: 16853
Publication Date: Friday, 371 October 2008
Services

Motice Code: 71907

Placing a Motice
Water Resources

Hew Environment Agency
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Example: RDFa data by the
London Gazette

E@ hitpsvvivew Beongl200VI0BI pyRdfalextractZan=htipsiyraveaetiessonlinerconkViewareticDocnmentaspxfatdonid =543 V8 77 BleeoTypi emﬂ'ﬂ‘ﬂw
' File Edit WView History Bookmarks Tools Help
@ i 3 i/f (3 http: /v, v 3.0rgf 200708 jpyRdfafextract?uri=http 2634/ . gazettes-online .co. uk Viel Gl 2o a8 Searc Q @ - &
Search Results ™ | (3 http:/fwww.w3.0rgf2007/08/pyRdfafe.. ) | &
v nttp:H'uw.w.w.j.urg;zuunuwpyrmré}Extrﬂm?ur|=nt[p:;;www.gazerzes—umlne CO UK VIEwWSaZEITELDCUMENT . a5pX7alaoCia=oa3 M 6L & l:.,!
mo M a s :
GeoType=London&categorydocids=144&lastissuecount=10 — - 1
hitp:/rwwew.gazettes-cnline. co.ukNViewGazetteDocument . aspx Patdocid=54373228 styleshest hitp:fhacanw.gazettes-oniine co.uk/Styles/gazettes css
GeoType=Londondcategorydocids=1448lastissuecount=10
London Gazette: |ssue dated 31 October 2008 Notice 650554 Creator TS0 (The Stationery Office)
Identfier hitp:/rwerw london-gazette. co.ukfissues/2008-10-31/notices/650554
Language Member OFf S0 635-2
walue eng
Publisher TSSO (The Stationery Office), St Crispins, Duke Street, Moraich, NR3
1PD, 01603 622211, customer servicesi@tso.co.uk
Subject Member Of IPSY
value ‘Water Resources
Title London Gazette: |ssue dated 31 October 2008: Notice 650554
Crate |ssued 2008-10-31
Crate Modifisd 2008-08-20
Administrator Grant Wilso =
Authonty Envircnment Agency
Category Code 1501
Motice Number 650554
Pubication Date 2008-10-31
5 In Issue hitp:/faverw london-gazette co.ukfissues/2008-10-31
type Water Resources Notice
hitp:/'wanalondon-gazette co.ukfissues/2008-10-31 Issue Number B8
Fublication Date 2008-10-31
Envircnment Agency = Known As Emvironment Agency
type Authornty
Public Institution
Grant Wilsol Forename Grant
Surname Wilson
fvpe Person
ol
Dione a I. Z |
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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 (eq,
Oracle, OpenLink, ...)

- A survey on mapping techniques has been
published at W3C

- W3C plans to engage in a standardization work in
this area
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Linking Open Data Project

- Goal: “expose” open datasets in RDF

- Set RDF links among the data items from different
datasets

- Set up query endpoints
- Altogether billions of triples, millions of links...

3( UNKINGOPENDATA

%r"’ < Semantic
' v--.-'WEb




121

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
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Country
Province

Government
- Type

- Mayor

- Aldermen

- Secretary
Area [21[3]

- City

- Land

- Water

- Urban

- Metro

Elevation [4]

[ ]
The Keizersgracht at dusk

Location of Amsterdam
Coordinates: L’ 52*2223"N 4°53'32°

m

Netherlands
North Holiand

Municipality

Job Cohenlll (PvdA)
Lodewijk Asscher
Carclien Gehrels
Tjeerd Herrema
Maarten van Poelgeest
Marijke Vos

Erik Gerritsen

218 km? {848 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 s5q mi)

2m (7 1)

Population {1 Octeker 2008)[5I[E

- City

- Density

- Urban

- Metro

- Demonym

Time zone
- Summer (DST)

Postcodes
Area code(s)

755,269

4,459/km? (11,548.8/sq mi)

1,364,422
2,158,372
Amsterdammer
CET {UTC+1)
CEST (UTC+3)
1011 - 1109
020

Website: www amsterdam.nl ¢

122

Extracting Wikipedia structured data

Amsterdam

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

dbpedia:Amsterdam
dbterm:officialName “Amsterdam” ;
dbterm:longd “4” ;
dbterm:longm “53”
dbterm:longs “32”

A Y

o

dbterm:leaderTitle "“Mayor” ;

dbterm:leaderName dbpedia:Job Cohen ;

dbterm:areaTotalKm “219” ;
dbpedia:ABN AMRO

dbterm:location dbpedia:Amsterdam ;

WSP*’ Semantic
o ' Web



123

Automatic links among open datasets

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

<http://sws.geonames.org/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...
W3 g Ssmantic
' <]
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The LOD “cloud”, March 2008
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The LOD “cloud”, September 2008

Surge
Radio

ECS
South-
ampton

Flickr
exporter

Audio-
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Wrapper 2
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Data
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Data company . : \ Guide Exp|0rEr
‘ DBLP
Project Hannowver
Guten-
berg

As of September 2008
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The LOD “cloud”, March 2009
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Example: mapping application on an iPhone

il T-Mobile

e

Al

FOYSERED EY

Coogle

Military
cadermy

fricken

Strousberg

[ QRN
Kingdom [
in Berlin

Maps: Opan Street

A EY S
ol
F."“

bu u:I r'u:_|

|I'
F
S

Unter

Berlin
Mordbahnhof

Bot=chailt
wior | Fussland

E,EmenEtI'EE'E

Map -

Courtesy of Chris Bizer and Christian Becker, Freie Universitét, Berlin
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Example: mapping application on an iPhone

-1l T-Mobile = 13:24 =

] JE R TR ST T TEREAS ||

(Sud) Pruss % ' s ©oF G ‘5 ._" ;,.-"-'-f"‘"‘\

-

il

Hrandenburg (ate @

Pewvienw of Brandenburg Gate, by fatorange
It's a magnificent =pot in Berlin that is associated with many important historic events. The
city has recently put a kot of effort info iz renovation

Homepage: hitpJ/iwww . stadtentwicklung.bedin.de/denkmal/denk...
Based near of Christian Beckerg’ﬁh

The Brandenburg Gate is a former city gate
and one of the main symbols of Berlin,
Germany. It is located west of the city center
at the intersection of Unter den Linden and

Ebertstralie, immediately west of the Pariser
Platz. It is the onlv remainina nate of a

L]I i l'll [ = | | RUNELE |
*8 ¢ E Maps: Open Sireet Map - Nutzun

Ty

Mr“*’ Semantic
Courtesy of Chris Bizer and Christian Becker, Freie Universitat, Berlin - ' Web




Query RDF Data
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RDF data access

- How do | query the RDF data?
- e.g., how do | get to the DBpedia data?

%r‘"' ¥ Semantic
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Querying RDF graphs

Remember the Jena idiom:

StmtIterator iter=model.listStatements (subject,null, 6 null);
while (iter.hasNext()) {
st = iter.next() ;
p = st.getProperty(); o = st.getObject();
do_something(p,0) ;

In practice, more complex queries into the RDF
data are necessary
- something like: “give me the (a,b) pair of resources, for

which there is an x such that (x parent a) and (b brother x)
holds” (ie, return the uncles)

- these rules may become quite complex

- The goal of SPARQL (Query Language for RDF)

%ﬁ' ¥ Semantic
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Analyse the Jena example

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

st = iter.next() ;

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

do something(p,o0) ;

The (subject, ?p, ?0) is a pattern for what we
are looking for (with ?p and ?o as “unknowns”)

p
O
subject

%r‘"' ¥ Semantic
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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

%r‘"' ¥ Semantic
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Our Jena example in SPARQL

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

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

- The query returns all p,o pairs

p
e ®
subject
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8 'WEb




i8S

Simple SPARQL example

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

Amitav Ghosh
/@Wg

ot a:

http:il...lisbn/00065 1 409X yill....lisbni20203866

a:price \mprice a;pV Wice

rdfvalue \:currer;‘:;;;valu e p:currency rdf:value \p:mrrency rdfvalue p:currency

L@ E dQ
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Simple SPARQL example

SELECT ?isbn ?price ?currency # note: not ?x!
WHERE {?isbn a:price ?x. ?x rdf:value 7?price. ?x p:currency ?currency.}

Returns:
[[<..49X>,33,£], [<..49X>,50,€], [<..6682>,60,€],
[<..6682>,78,3]]

Amitav Ghosh
/@W;

ot a:
':i..ﬂ-um Q&’
http:/l...lisba/00065 1 409X pell...lishn/ 202038668

=] a:price a:price
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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,€]]

‘EL""“E Amitav Ghash b

§ G'aﬁ"ﬁ"'

ot a:
a }uﬂ'\ -&u;-hﬂr
.

_—

hﬂp:ﬂ...ﬁshnfﬂﬂﬁ&ﬂ-im

¢J

rdf:value \:Eurm:;:;:value &:r:::u rrency
HolE o

a:price

DO ©Q
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Other SPARQL features

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

- Optional branches in the query

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

- Construct a graph combining a separate pattern
and the query results

- Use datatypes and/or language tags when
matching a pattern
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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 usually offer “SPARQL endpoints”
using this protocol

- typical example: SPARQL endpoint to DBpedia
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SPARQL as a unifying point

i ER———
o
§ g
L e S
2 Application a
Vg 0
LI ] ] E E & & &
Triple @ T “ Database
SPARQL
Processor
A
S 3 i
A x| |m—
B o 5
] L || —
5 3 5=
2 I =)
o o )
Q Relational
Data in RDF = Database
XHTML Unstructured Text XML
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Example: integrate Chinese medical data

Integration of a large number of TCM databases

- around 80 databases, around 200,000 records each

A visual tool to map databases to the semantic
layer using a specialized ontology

- Form based query interface for end users

M Dart User Toolkits

A Ay - 151X
FileCLaY Shrer Shirch Xindiw L Hag 3. User drags tables and -
classes into this panel, O = o [ e e Wean ERELEE
d 1. Display — and establishs their - IR —— v Eem as -
@ Dbkes Tree Vier| rolgpiona] | 4 oy seres mappings.One table is : a
i Be WmAE aRAAnsmAR rame wmag
: likely to be mapped to tweE TmE s i P
o 4 bt S et @ 00 | SJMZ L more than one classes. : RUAg R D S R T misnn T A1 ik
S & (http //dart O%0 - Froperty : http://dsf il = ' e
H + .1':2 + Froperty @ http://dud 3 ' - & :
= @;&:_w—n@?—\\ UZT_WBN_ZMF - };.uo.l lzr_nn:‘:tn.u?[fi ; nlrr e iaop o aw] - :‘: :.:— :_ :‘: : raya g
¢ [ ontol peiidort ziu-o0u.c o eidart AT R3T T iy bl I T:ﬁ&:" TR - Parasymonyms
% Propertys httpzidart.zju. Lk cnidartcore/dart# MR oj.ue THZ_LCTT ) ) -y ok A S A
4 Columy : ZCCS v T [T 2 =5
v TR LR Rr
: x'_zn G ﬁ'npgrt’: ‘{ Zju.edu. A1 u*ﬁ C ) proe
v g &
4 ¥WLX ¥ 6. Cutline of the o BrEn f'[inxcd niha sl A
<+ W - \ 37T VIEW,_ ANMOLF mapping definitions. of relaticns defned ol the ;“._
£ 4 User could query ! R L LR AL
1 + hittpy zju.edu, BRI i e r ey mxT CLMRUSR) L woE, mEaY RS | | ontological level, user can b
@ OnteSchona Trae View 5 Peaporty: jaed R b:EPOFl’_:'S i T keep searching and navigating AT
Colurnn : AMSF . = |u\ er the mtegrated databases T
™ = v -
= m -~ = _-/\'\:hcn full text search returns oo 'y - without the aw areness of the A%
- TERRRER 4 much results, clicking the clsses [¥ database bourdaries
- EEEE 5. Meta- g i !
R aforreaon leads to a dynamic form-based
s o query mterface by which user
> g;im il :ould specify semantic query
& o s —— [~ ECILY  Sems :
& TSRS I Properties I : selected table therchy getting more aceurate
£ TeirEER Froperty Value ™ -~ | 2 - .
+ wrAzEn{ 2 Displ Tb Localpart Tonbasic = \ andl appropriats results
& ISR play Ob Namespes http: ffdart. zju. .a.CJm.nmbm "\‘ ~ = :
- HFEE ontologies Table Nune IT_VIEY_ZMENTTULF © RN I T
- :gm Table Schema
5 4 ;ﬁmzm& Sl 5 8

Courtesy of Huajun Chen, Zhejiang University, (SWEOQO Case Study)



http://www.w3.org/2001/sw/sweo/public/UseCases/UniZheijang/

Ontologies
(OWL)
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Ontologies

RDFS is useful, but does not solve all possible
requirements

- 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

+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.
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Ontologies (cont.)

- The term onfologies is used in this respect:

“defines the concepts and relationships used to describe
and represent an area of knowledge”

- RDFS can be considered as a simple ontology
language

- Languages should be a compromise between

- rich semantics for meaningful applications
- feasibility, implementability
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Web Ontology Language = OWL
- OWL is an extra layer, a bit like RDF Schemas

* OWn namespace, own terms
- it relies on RDF Schemas

It is a separate recommendation

- actually... there is a 2004 version of OWL ("“OWL 17)

- and there is an update ("OWL 27) that should be finalized in
2009

- you will surely hear about it at the conference...
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OWL is complex...

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

For classes:

- owl:equivalentClass: two classes have the same
iIndividuals

- owl:disjointWith: no individuals in common
For properties:
- owl:equivalentProperty
- remember the a:author vs. £:auteur
- owl:propertyDisjointWith
For individuals:

- owl:sameAs: two URIs refer to the same concept
(“individual®)
- owl:differentFrom: negation of owl: sameAs
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Connecting to French...

owl:equivalentProperty
>
owl:equivalentClass
> #Roman

Y . 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
Linking Open Data project
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Property characterization

- In OWL, one can characterize the behaviour of
properties (symmetric, transitive, functional, inverse

functional...)
- One property may be the inverse of another

- OWL also separates data and object properties
- “datatype property” means that its range are typed literals
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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>.

|.e., new relationships were discovered again
(beyond what RDFS could do)
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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
- Etc
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Classes in OWL (cont)

- OWL makes a stronger conceptual distinction
between classes and individuals

- there is a separate term for owl : Class, to make the
difference (a specialization of the RDFS class)

- Individuals are separated into a special class called
owl : Thing

Eg, a precise classification would be:

ex:Person rdf:type owl:Class.
<uri-for-Amitav-Ghosh>

rdf:type owl:Thing;
rdf:type owl:Person .
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Classes contents can be enumerated

:£ rdf:type owl:Thing.

:€ rdf:type owl:Thing.

:$ rdf:type owl:Thing.
:Currency

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

|.e., the class consists of exactly of those
iIndividuals
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Union of classes can be defined

: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: complementOf,
intersectionOf,

WSP*’ Semantic
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For example...
If:

: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 .

W3C
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It can be a bit more complicated...
If:

: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 .

Mr“*’ Semantic
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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, eftc.

- Many inferred relationship can be found using a
traditional rule engine
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However... that may not be enough

- Very large vocabularies might require even more
complex features

- typical usage example: definition of all concepts in a health
care environment

*a major issue: the way classes (i.e., “concepts™) are defined

- OWL includes those extra features but... the
iInference engines become (much) more complex®
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Property value restrictions

Classes are created by restricting the property
values on its individuals

For example: how would | characterize a “listed

price™?

- it is a price (which may be a general term), but one that is
given in one of the “allowed” currencies (say, €, £, or $)

- more formally:

- the value of “p: currency’, when applied to a resource on
listed price, must be of one of those values...

- ...thereby defining the class of “listed price”
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Restrictions formally

Defines a class of type owl :Restriction with a

- reference to the property that is constrained
- definition of the constraint itself

One can, e.g., subclass from this node when
defining a particular class

:Listed Price rdfs:subClassOf [

raf:type owl:Restriction;
owl :onProperty p:currency;
owl:allValuesFrom :Currency.

1.
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Possible usage...
If:

:Listed Price rdfs:subClassOf |

rdf: type owl :Restriction;
owl :onProperty p:currency;
owl:allValuesFrom :Currency.

1.
:price rdf:type :Listed Price .

:price p:currency <something> .

then the following holds:

<something> rdf:type :Currency .

W3C

162

Semantic
' Web



163

Other restrictions

allValuesFrom could be replaced by:

- someValuesFrom

- e.g., | could have said: there should be a price given in at
least one of those currencies

- hasValue, when restricted to one specific value

Cardinality restrictions: instead of looking at the
values of properties, their number is considered

- e(g, a specific property should occur exactly once
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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
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OWL “species”

- 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: expressibility vs.
Implementability
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OWL Full

No constraints on any of the constructs

- owl:Class is just syntactic sugar for rdfs:Class
- owl:Thing is equivalent to rdfs:Resource

- this means that:

- Class can also be an individual, a URI can denote a property
as well as a Class

- e.g., it is possible to talk about class of classes, apply properties
on them

- elc
- etc.

Extension of RDFS in all respects

But: no system may exist that infers everything one
might expect
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OWL Full usage

Nevertheless OWL Full is essential

- it gives a generic framework to express many things

- some application just need to express and interchange
terms (with possible scruffiness)

- Applications may control what terms are used and
how

- in fact, they may define their own sub-language via, eg, a
vocabulary

- thereby ensuring a manageable inference procedure
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OWL DL

- A number of restrictions are defined

- classes, individuals, object and datatype properties, etc, are
fairly strictly separated

- object properties must be used with individuals

- l.e., properties are really used to create relationships between
individuals

- no characterization of datatype properties

But: well known inference algorithms exist!
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<A>

<g>
<p>
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Examples for restrictions

- The following is not “legal” OWL DL.:

rdf: type <A>.
rdf: type <g>.
ex:something <B>.

ex:something <s>.

ex:something “54”.

# A is a class, g is an individual
# error: q cannot be used for a class, too
# error: properties are for individuals only

# error: same property cannot be used as
# object and datatype property
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OWL DL usage

- Abiding to the restrictions means that very large
ontologies can be developed that require precise
procedures

- eg, In the medical domain, biological research, energy
iIndustry, financial services (eg, XBRL), etc

- the number of classes and properties described this way
can go up to the many thousands

- OWL DL has become a language of choice to
define and manage formal ontologies in general

- even if their usage is not necessarily on the Web
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OWL 2 defines further species
a.k.a. “profiles”

- Further restrictions on how terms can be used and
what inferences can be expected

- Classification and instance queries in polynomial time:
OWL-EL

- Implementable on top of conventional relational database
engines: OWL-QL

- Implementable on top of traditional rule engines: OWL-RL
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Ontology development

- The hard work is to create the ontologies

- requires a good knowledge of the area to be described

+ some communities have good expertise already (e.g.,
librarians)

- OWL is just a tool to formalize ontologies
- large scale ontologies are often developed in a community
process

- Ontologies should be shared and reused

- can be via the simple namespace mechanisms...
- ...or via explicit import
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Must | use large ontologies?

- NOIl

- Many applications are possible with RDFS and a
just a little bit of OWL

- a few terms, whose meaning is defined in OWL, and that
application can handle directly

- OWL RL is a step to create such a generic OWL level

- Big ontologies can be expensive (both in time and
money); use them only when really necessary!

%r‘"' ¥ Semantic
et 'WEb




Ontologies examples

- eClassOwil: eBusiness ontology for products and
services, 75,000 classes and 5,500 properties

- National Cancer Institute’s ontology: about 58,000
classes

- Open Biomedical Ontologies Foundry: a collection
of ontologies, including the Gene Ontology to
describe gene and gene product attributes in any
organism or protein sequence and annotation
terminology and data (UniProt)

- BioPAX: for biological pathway data
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Example: improved search via ontology
- Search results are re-ranked using ontologies

- Related terms are highlighted, usable for further
search

@snPubMed - Mozilla Firefox =IolE
File Edit Vew Higtory Bookmarks Tools Help o
[5 | 5 copubtied B8 | [Jesx (%] -
- hat A’I
bl tinnitus © ¢ WG
= - I Top categori )
s BTG s | 1,000 articles
Hearing P [424] & To see other authars, see the who section on the left side. §_A_
Wertige |
Hearing Lo=s, Sensorineural [IS3F |
e . # i
s W 5: Pros and cons of {us retraining therapy. - |
Patients [& o FMID: 183685668 Related 5 |=
: 2 Q,--ﬁ‘a'a-a—e-?. @ Acta Otolaryngol, 128 (4} 385-8, 2008
- mmore o i ¥ng
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Example: improved search via ontology
- Same dataset, different ontology

- (ontology is on non-animal experimentation)
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Example: Eli Lilly’s target assessment tool

Prioritization of =< ]

drug target, |
integrating data |- e=—

from different | =
sources and -
formats k-

A
>

[ N
L}
= Acguired immisna Deficlency Syndrome
ntegration e
b} Amyloidbeta-peptide Sigraing Pathray
in

O 1 Signa oy
TGFbein Signaling Pathway
search via e
- Asthira
. % Atherosclerosis
# Breasi Cancer
ontologies B
@ Colon Cancer
- # Cronns Diseass
= Degression
proprietary an + One e
+ Globlasioma

Star Treetu created with Inxight VizServertu

pUb|IC) - T — 2 gk )|

B DasazEs || mc1disnetpl.am, lly.com

Mr‘" . Semantic
Courtesy of Susie Stephens, Eli Lilly (SWEQO Case Study) <~ WP Web



http://www.w3.org/2001/sw/sweo/public/UseCases/Lilly/

What have we achieved?
(putting all this together)
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Other SW technologies

- There are other technologies that we do not have
time for here

- find RDF data associated with general URI-s: POWDER
- bridge to thesauri, glossaries, etc: SKOS
- use Rule engines on RDF data
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Remember the integration example?

17 arg/ example.ongy..
\
A somathing said here onthe bioinfomatics data
(] e which s then diescribed in human terns
] if somebody can read thet, whichis profably
g @ L
o (é"

Applications Query,

El

Vi H
Ba |
g

Manipulate,
etc.
Data represented in abstract format Map,
Expose,
etc.

OO0
1
000
HUUCL
Il

[O00L
1
(0000
OO0

Data in various formats
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Same with what we learned

bitpwen, example.orgl..

— SPARQL,
Applications OWL inferences,
etc.
: : : SQL <=> RDF,
Data represented in RDF, possibly with extra knowledge (RDFS, OWL, SKOS, Rules, ...) GRDDL. RDFa
etc.

{000
000
{0000
OO0
[0
OO0
{0000
OO0

Data in various formats
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xample: personalized tourist itinerary
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Courtesy of Jesus Fernandez, Mun. of Zaragoza, and Antonio Campos, CTIC (SWEQO Use Case) u E' Web


http://www.w3.org/2001/sw/sweo/public/UseCases/Zaragoza-2/

Available documents, resources
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Available specifications: Primers, Guides

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

- GRDDL and RDFa Primers have also been
published

- The W3C Semantic Web Activity Homepage has
links to all the specifications:

- http://www.w3.0rg/2001/sw/

\ A Gr“"' . Semantic
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“Core” vocabularies

- There are also a number widely used “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

- One should never forget: ontologies/vocabularies
must be shared and reused!
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Some books

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

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

- Jeffrey Pollock: Semantic Web for Dummies, 2009

See the separate Wiki page collecting book references:
http://esw.w3.org/topic/SwBooks
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Further information

- Planet RDF aggregates a number of SW 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/2001/sw/interest/
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Lots of Tools (not an exhaustive list!)

- Categories:

Triple Stores

Inference engines
Converters

Search engines
Middleware

CMS

Semantic Web browsers
Development environments
Semantic Wikis

- Some names:

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

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

Disco, Oracle 11g, RacerPro,
|IODT, Ontobroker, OWLIM, Tallis
Platform, ...

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

Thetus publisher, SemanticWorks,
SWI-Prolog, RDFStore...

\ A Gr“"' . Semantic
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Conclusions

- The Semantic Web is about creating a Web of
Data

- There is a great and very active user and
developer community, with new applications

- witness the size and diversity of this event
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By the way: the book is real ®

A DOCTOR ZHIVAGO FOR THE FAR EAST’ THE INDEPENDENT

e j N

Amitav Ghosh
THE GLASS PALACE

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

e 3
4 i t:,xc 13 < 19

T A :
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Thank you for your attention!

These slides are also available on the Web: (<) DO

http://www.w3.0rg/2009/Talks/0615-SanJose-tutorial-IH/
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