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Some Schema
Integrated _
Dataspaces Ad-hoc Linked data
Data quality
Accessible

Relational
databases

Semantic Web
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Linked data - four principles ﬂ Institut

http://www.w3.org/Designlssues/LinkedData.html

Use URIs as names for things.
Use HTTP URIs so that people can look up those names.
When someone looks up a URI, provide useful information.
Include links to other URIs, so that they can discover more
things.

o Many common things are represented in multiple data sets

DR W N -

Felix Naumann | Linked Data Profiling | SoSe 2009



Linked Data Characteristics

m Linked Data comes as triples

o Subject, predicate, object

o URI, property, value
m Linked data is often user generated
m Linked data is free

m Linked data is heterogeneous
m Linked data is dirty
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Suggested Reading Institut

m Linked Data by Tim Berners-Lee
o http://www.w3.org/Designlssues/LinkedData.html

m Interlinking Open Data on the Web by Chris Bizer, Tom Heath,
Danny Ayers, and Yves Raimond

o ESWC 2007

o http://sites.wiwiss.fu-
berlin.de/suhl/bizer/pub/LinkingOpenData.pdf

m And many more at
o http://en.wikipedia.org/wiki/Linked data

o http://esw.w3.org/topic/SweolG/TaskForces/CommunityProjec
ts/LinkingOpenData/

o http://linkeddata.org/
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TED talk by Berners-Lee Institut
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m http://www.ted.com/index.php/talks/tim berners lee on the ne
xt web.html

0o 15 min

FEFR2009- LONGEEACHCALIFORNIA




DBPedia - Extraction

12

{{Infobox Town AT |
name = Innzbruck |
image_coa = InnzbruckWappen.png |
image _map = Karte-tirol-I.png |
atate = [[Tyroll]l |
reghzk = [[Statutory cityll |
population = 117,342 |
population_ss_of = 2006 |
pop_denz = 1,119 |
area = 104.91

glevation = 574 |
lat_deg = 47 |
lat min = 16 |
lat hem = N |
lon_deg = 11 |
lon min = 22 |
lon_hem = E |

postal_code = 6010-6080 |
ares_code = 0512 |

licence = I |

mayor = Hilde Zach |

webzite = [http://innsbruck.at] |

Ir
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Innsbruck

Country

State
Adrinistrative region
Fopulation

Ares

FPopulation density
Elevation
Coordinates
FPaostal code

Ares code

Licence plate code
htayar

YWebsite
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Austria

Tyral
Statutory city
117 342 rzo08)
104.91 krn®
1,119 fkm?
574 m

4716 M 11923 EF
B010-B080
0512

I

Hilde Zach

wew innshbruck. at &



m Hac<n
I SN S S Industry Computer hardware T
[ | [ I N . OMmMpUter 2o ars
- Infoboxes G o t
- I S Conzulting
i -— I .
— m s e e . T Services L
I T BN T
13 . EE—— 7 E—— Products See products listing
] | Pubhc (MY SE: IHN B
] ype L = Revenue A 598.2 billion USD (+4% FY
| Founded Endicott, Mew “ork, U.S. '07 o "08)

(1829, incorporated 1911} Net income A $10.4 bilion USD (=11%

Headquarters BES Armonk, New “ork, Fv 07 {o 'I:IE,}[E:

] USa

‘ Employees 386, 550 (2007)

Key people Samuel J. Palmizana,
Chairman, Prezident & CEOQ

‘ Mark Leughridge, SWVP & CFQ

] Dan Fortin, President

| (Canada)

Jazon Oppenheim, Prezident

[A=zia Pacific)

] Mick Donafrie, EVP

(Innowvation & Technology)

Mike Rhodin, President 10T
Mortheast Europe Website www.ibm.com &

Subsidiaries ADSTAR
FileMet
Informix
Iriz Azsociates
Lotus Software
Rational Software
=equent Computer Syatems
Telelogic
Tivoli Sy=tems, Inc.

‘ Deminigue Cerutti, Prezident
] 10T Southwest Eurupe[--

Categones: Companies listed on the New York Stock Exchange | Dow Jones Industrial Average | IBM | Companies established in 1888 | Companies based in
Westchester County, Mew York | Electronics companies of the United States | Point of sale companies | Semiconductor companies | Computer storage companies |
Computer companies of the United States | Computer hardware companies | Software companies of the United States | UML Partners | Multinational companies
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DBPedia statistics

1. Core Datasets
Dataset

Titles | preview §

Shert Abstracts ( preview )
Eutended Aairacts ( praves)
Images ( preview )

Links o Wikipedia Arlicle ¢
pravisw )

Articles iZateories | preview )

External Links ( preview )
Ifohowes { previes |

Properties

[ preview

DBEpedia ontolagy | preview

Cintolony Infabioxes | praview

Cmtology Tyss ( preview)
Homepages | previsw )

Zeographic

)

Coordinates [ preview

Pacsinks | medre
Persondata ( preview )
Redirects ({ preview )
Cimambi

aation Links

| oreview

nt

nt nt nt nit

,,,,,,
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Portuguese PO|ISh Swedlsh Dutch Japanese Chinese,
u55|an Flnnlsh and Norweglan versions of Wikipedia

sy (=3

2 .6 million things

-0 213,000 persons

“D '328,000 places
057,000 music albums "
‘036,000 films

?5320 OOO companles

How do we know this?

= http://wiki.dbpedia.org/Datasets

nit
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ney
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Almost 1:1, WikiPTitle has approx. 100 duplicates:

(SELECT OBJECT, COUNT(*) AS SUM FROM DBPEDIA.TITLES GROUP

BY OBJECT ORDER BY SUM DESC;)

Plattner

Institut

Titles | DBPResource | “rdfsLabel” WikiPTitle

ShortAbstracts | DBPResource | “rdfsComment” | Abstract(Text)
ExtendedAbstracts | DBPResource | “dbpsAbstract” | Abstract (Text)

Images | DBPResource | “"DCrights”; "FOAFdepiction”; "FOAFimg: | Abstract (Text)

Exactly 1:1; Table is redundant:

LinksToWikiP | DBPResource | “FOAFpage” WikiP page SELEgT* FROM DBPEDIA LINKSTOWIKIP
WHERE SUBJECT <> SUBSTR(OBJECT,30);

ArticlesCategories | DBPResource skosSubject Category - B e e

category; “living_people” most frequent (250000)

ExternalLinks | DBPResource | “reference” URL

InfoBoxes | DBPResource | “name”,... (39343 different) | Value

Properties | DBPUrl | “rdfsType”; “rdfsLabel” | rdfsProperty; label

Homepages | DBPResource | “FOAFHomepage” | URL

GeographicCoordinates | DBPResource | 8 different from 3 namespaces | Number;URL

Pagelinks | DBPResource | “wikilink” DBPResource

Persondata | DBPResource | “givenname”, “name”, “surname”, “type” plus 3 others very rare | value

Redirects | DBPResource (almost key, long tail) | “redirect” DBPResource

DisambiguationLinks | DBPResource | “disambiguates” | DBPResource (almost key, long tail)

WordnetClasses DBPResource | “wordnettype” | WordnetURL

CategoriesLabels

“Category:”"+DBPResource

“rdfsLabel”

Category label (name, also unique)

CategariesSkos l TDatedgory: T4 DBRREsOME0E

Yekostdndaders;O'skosgdrefllabel”; “rdfsType”

“Category:”+DBPResource; Categorylabe
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Some Queries - Pivoting Persons w Institut

SELECT DISTINCT P1.PERSONID AS PERSONID, P2_VALUE AS NAME,
P3.VALUE AS GIVENNAME, p4.VALUE AS SURNAME

FROM DBPEDIA_PERSONDATA AS P1, DBPEDIA_PERSONDATA AS P2,
DBPEDIA_PERSONDATA AS P3, DBPEDIA_PERSONDATA AS P4

WHERE P1.PERSONID = P2_.PERSONID

AND P2_PERSONID = P3.PERSONID

AND P3.PERSONID = P4_PERSONID

AND P2_ATTRIBUTE "http://xmlns.com/foaf/0.1/name*

AND P3.ATTRIBUTE "http://xmlns.com/foaf/0.1/givenname*
AND P4 _ATTRIBUTE "http://xmlns.com/foaf/0.1/surname”);
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Some Queries - Profiling Persons Institut

SELECT *
FROM DBPEDIA.PI1VOTPERSONDATA
WHERE NAME <> GIVENNAME || " " || SURNAME;

SELECT COUNT(*)
FROM DBPEDIA.PIVOTPERSONDATA
WHERE NAME = "";

SELECT *
FROM DBPEDIA_PIVOTPERSONDATA AS P1, DBPEDIA._PIVOTPERSONDATA AS P2

WHERE ARESTRINGSSIMILAR(P1.SURNAME, P2_SURNAME, 0.1) =1
AND ARESTRINGSSIMILAR(P1.GIVENNAME, P2_GIVENNAME, 0.1) =1
AND P1.PERSONID <> P2.PERSONID

ORDER BY P1l.surname, P1.GIVENNAME
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Companies Institut

m Definition of companies?
o SELECT DISTINCT TOPIC FROM DBPEDIA.INFOBOXES WHERE ATTRIBUTE = '‘companyName'
m  Schema?
o SELECT ATTRIBUTE, COUNT(*) AS SUM
FROM DBPEDIA.INFOBOXES
WHERE TOPIC IN
(SELECT DISTINCT TOPIC FROM DBPEDIA.INFOBOXES WHERE ATTRIBUTE = 'companyName')
GROUP BY ATTRIBUTE
ORDER BY SUM DESC;

o 0o o o o

25000

20000

15000

10000

5000

CITA TNQUTITTATITT | LITTRTU Dala TTUITImImyg 1 ouUotT ZUUT
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Company attribute

distribution
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Plattner

Hasso
- Some more about companies ﬂInstitut

I

Def. 1: Topics having a
companyName

m 14292 companies

Def. 2: Topics having a category
that starts with "compan%*“

m 21753
Def. 3: Topics havinga /
wikiPageUsesTemplate with 9204
value
Template: infobox_company =
m 15491 - -
\category
\\\//

Felix Naumann | Linked Data Profiling | SoSe 2009
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The queries...

22
m SELECT COUNT(*) FROM (

o (SELECT DISTINCT 1.TOPIC
FROM DBPEDIA. INFOBOXES I
WHERE I.ATTRIBUTE = "companyName")

& INTERSECT

o (SELECT DISTINCT 1.TOPIC

FROM DBPEDIA.INFOBOXES 1, DBPEDIA_ARTICLESCATEGORIES C
WHERE 1.TOPIC = UBJECT
AND UPPER(C.OBJE

& INTERSECT

o (SELECT DISTINCT I.TOPIC
FROM DBPEDIA. INFOBOXES 1
WHERE 1.VALUE = "Template:infobox_company”)

)

)
™™\
')
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Infoboxes with CompanyTemplate Institut

location 20617 companyName 13355

products 18176 name 2036

. . wikiPageUsesTemplate 18048 surname 25

m 1 083 d |ffe rent attri butes keyPeople 17836 railroadName 8
industry 16822 companyNickname 4

. foundation 15826 pastNames 4

[ H -IN d ex 5 6 homepage 14476 absNameProperty 3
companyType 13433 dnvNameProperty 3

companyName 13355 labelName 3

O 49 9 d p pea r O n |y O n Ce companylLogo 9006 logoFilename 3
numEmployees 6207 dvdEuroCompanyName 2

s Of the 1083 attr., 39 2
locationCity 4098 longName 2

H : : locationCountry 3212 websitename 2

d I Stl n Ct O n eS CO nta I n Companysk)gan 2815 alternativeNames 1
\ 7 . areaServed 2557 birthname 1
Name as su bStrI N g relatedInstance 2284 brandName 1
type 2152 bTcgvuvCompanyName 1

H . parent 2054 companyNameLocal 1

[ | 273 Com pa nleS WIthOUt name 2036 companyNamesBigBum 1
PET . netlncome 1663 europeanTradeAssociationCompanyName 1

an y Name attribute founder 1597 familyCorporationCompanyName 1
subsid 1232 formerNames 1

nihongoProperty 1141 fukCompanyName 1

slogan 1087  golfFacilityName 1

coorTitleDmsProperty 960 hangulName 1

logo 925 jceCreamCompanyName 1

services 904 nativeName 1

operatinglncome 896 nickname 1

owner 680 officialName 1

otheruses4Property 510 oldName 1

intl 503  organisationName 1

forProperty 467  publicCompanyName 1

divisions 429  renamed 1

date 422 shortName 1

locations 419 WineryName 1



Zooming into IBM

otheruses6Property
otheruses6Property
wikiPageUsesTemplate

companyName

companyLogo

companyType
foundation
foundation
foundation
locationCity
locationCity
locationCountry
slogan
keyPeople
keyPeople
keyPeople
keyPeople
industry
industry
industry
industry

IBM (disambiguation)
Big Blue
Template:otheruses6

International Business Machines
Corporation

http://upload.wikimedia.org/wikipedia/com
mons/5/51/IBM_logo.svg

Public_company
Endicott%2C_New_York
New_York

United_States
Armonk%2C_New_York
New_York

USA

On Demand Business, in demand people
Samuel_J. Palmisano
Mark_Loughridge
Dan_Fortin
Nick_Donofrio
Computer_hardware
Computer_software
Consultant
IT_Service_Management

products

revenue

netincome
numEmployees

subsid

subsid

subsid

subsid

subsid

subsid

subsid

subsid

homepage
wikiPageUsesTemplate
name

symbol

secCik

hoovers
wikiPageUsesTemplate

Felix Naumann | Linked Data Profiling | SoSe 2009
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List_of IBM_products
98800000000
10800000000

386558

ADSTAR

FileNet

Informix
Iris_Associates
Lotus_Software
Rational_Software

Sequent_Computer_System:s

Tivoli_Systems%2C_Inc.
http://www.ibm.com/

Template:infobox_company

IBM Corp.

IBM

51143

10796
Template:finance_links
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Hasso
. Plattner
Schemata of IBM, Microsoft, and Oracle ﬂ Institut

IBM Microsoft Oracle_Corporation

companyLogo _percent_22Property companyLogo
companyNam\ areaServed /

companyType \assets /companyName
foundation companylLogo

oundan \Acompang;Na?fne P companySlogan
hoovers companyType —“» companyType
industry equity J

keyPeople foundation 77

locationCity ~ . _ Loour;]gggge _///* homepage

locationCountry~ "=~ industry

Sso keyPeople 4

—» foundation

—

> industry

name -

— keyPeople

netlncome “~& |ocation - - - L/
numEmponees\’ marketCap A » locationCity
otheruses6Property netincome J

4
name

products numEmployees —<.
revenue \ operatinglncom,h numEmployees
secCik products <

. — products

slogan relatedInstgnce
subsid revenue 7 — revenue
symbol slogan

wikiPageUsesTemplate » wikiPageUsesTemplate » wikiPageUsesTemplate

Felix Naumann | Linked Data Profiling | SoSe 2009
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The problem - a schema and data mess

26
m Triples and ill-defined templates invite disaster.
m Extract attribute values from various text fields in the source
o Schema chaos: Many attribute synonyms
¢ Hundreds of different attributes
¢ companyName vs. organizationName vs. nhame vs. company

o Schema misuse: Many attribute homonyms

¢ Foundation attribute in DBPedia may contain
e Person who founded the company
e Year/Date company was founded
e Location where the company was found

o Sloppy data entry: Data value are neither standardized nor normalized

¢ Revenue attribute in DBPedia may contain different units, different
currencies, and different number-formats.
e 1.64 billion USD vs. $1640 m vs. 1,6 vs. more than one million
Euro in 2006

e And lots of other stuff: ? or Undisclosed or Image:green_up.png
or Assets exceed £4 billion GBP or Wal-Mart or € bn (as of 2004)

or http://www.credit-
suisse.com/investors/en/reports/2007_results_qg4.jsp

Felix Naumann | Linked Data Profiling | SoSe 2009



LOD Gear: System for building and ﬂ Hasso
maintaining high quality Linked-Open-Data Institut

27
Name: American Express Co
i CEO : Kenneth I. Chenault :
Address 200 Vesey Street, 50th roor
Query: : “American Express” New York, NY, 10285 :
DBPedia -
Integration
—— Engine
reebase Explore/Extract,
Scrub, Resolve,
SEC Map, Fuse

etc...
Variant
Generation

Financial -

Companies

oF
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Three themes Institut

29
m Data heterogeneity

m Semantic heterogeneity
m Object heterogeneity

Felix Naumann | Linked Data Profiling | SoSe 2009



Project Goals: m Hasso
Profiling Data Heterogeneity

Institut

30

m In DBPedia there are companies, people, artists, buildings, and
many more different concepts.

m Goal:
o find out such concepts or cluster of objects
o display them with useful /cool statistics
o allow inter- concept / cluster comparisons
o allow comparison with existing classifications

Felix Naumann | Linked Data Profiling | SoSe 2009



Project Goals: ﬂ Hasso
Profiling Semantic Heterogeneity

Institut

31

m Given existing concepts / classes of objects, e.g. all subjects that
use a specific Wikipedia template.

m Goal:
o Find out interesting / cool statistics
o Find Patterns
¢ longitude=73° - time zone=UTC-5

e
¢ company name attribute - industry attribute
o Explore Schema Matchings

¢ suggestions

¢ what if name and family name were merged
o Explore Join Paths

¢ location - river / city / country



Project Goals: ﬂ Hasso
Profiling Object Heterogeneity

Institut

32

m Given existing concepts / classes of objects, e.g. all subjects that
use a specific Wikipedia template.

m Goal:
o How much information do objects provide ?
0 How do attribute values correspond to Wikipedia Texts ?
o What can we find out by looking at external resources ?
o Rank objects ...

Felix Naumann | Linked Data Profiling | SoSe 2009
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m mut/sokar.hpi.uni-potsdam.de
m DB2 database lodprof (requires tuning!)

o DBPEDIA.INFOBOXES

o DBPEDIA.ARTICLES_CATEGORIES
o  DBPEDIA.CATEGORIES_LABEL

o DBPEDIA.DISAMBIGUATIONLINKS
o DBPEDIA.LINKSTOWIKIPEDIA

o DBPEDIA.ONTOLOGY_INFOBOXES
o DBPEDIA.ONTOLOGY_TYPES

o DBPEDIA.PAGELINKS

o DBPEDIA.PERSONDATA

o DBPEDIA.SHORTABSTRACTS

o DBPEDIA.TITLES

m User/Pwd: see whiteboard
m Java 1.6
m Google Web Toolkit
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DBVisualizer Institut

[E Db¥isualizer Free 6.5.1 - Untitled*
File Edit ‘iew Database 3SQL Bookmarks Tools ‘Window  Help

HRCuBPWFO

2elR|® : o Object view | [b saL Comman.derl
o Connections E ;
og dbpedia@muk fmut | DEPEDLA i R R 5
: :;zLE@DFBLf:;%n;L?:MbIS @ Info | [T olurnns [ pata ! '@ Row Count | . Primary Key | (g Indexes l =] Grantsl @ Row Idl - Referencesl
A IEdprof@mut 20 L % T -
2 DBPEDIA
-7 ALLAS =1 g 5
ﬁ HIERARCHY TAELE 226 |%22B%22_ls_for_Burglar ocle 11261695
E INOPERATIVE WIE'W 227 |%22B%22_ls_for_Burglar precededBy W22A%22_1s_for_Alibi
(] MATERIALIZED QUERY T [~ 225 |%22B%22_|s_for_Burglar followedBy %22C%22_|s_for_Corpse
G MICKHANME 229 |%22B%22_|s_for_Burglar wikiFagellsesTemplate Templateiinfobox_book
EI% i:sgfg TABLE 230 |%22Big%22_Ron characterMame Ran
[7] ARTICLES_CATEGH 231 |%22Bin%22_Ron actorMName Raon_Tarr
[ catecores_as | 232 |%22Big%322_Ron years 19855€" 997
[j DISAMBIGUATION 233 |%2ZBig%22_Ron occupation Retired
S ENFOBOYES | 234 |%22Big%22_Ron horne Spain
[j LIMKSTCWIKIPEDLA 235 |%2ZBig%22_Ron daughters Tina
lj ONTOLOGY _INFOB 236 |%22Big%22_Fon wikiPagelsesTemplate Termplatedinfohoy_eastenders_character_2
[ onToLOGY_TYPES 237 [%27Buzz%21%31%22_The_Movie name Buzz!" The Movie
:g P bata 238_|%22Buzz%21%21%22_The_Movie type VHS
[ SHORTABSTRACTS 239 |%22Buz%21%21%22_The_Mavie type ovD
[T TITLES 240 |%22Buzz%21%21%22_The_Maovie artist B%27z
[]...ﬁ TYPED TAELE 241 |%22BUZZ%21%21%22_The_Movie cover BEz_BTM.jpg
[]---ﬁ TWPED VIEW 242 |%2ZBUZZ%21%21%22_The_Movie released January 1, 1996 - ¥HE
-] WIEW 243 |%22BUzZ%21%21%22_The_Movie genre Hard_rock
E]"'\:'f Pracedures 244 |%22BUZZ%21%21%22_The_Movie length 1:41:00
B~ @ MULLID 245 |%22Buz%21%21%22_The_Mavie label Rooms Records
g:g g\?;ém 246 |%22Buz%21%21%22_The_havie producer Tak_Matsumata
w4 SYsFLN 247 |%22Buz%21%21%22_The_Maovie lastDvd "Live Ripperors
[]"3 SYSIEM 248 |%22BUZZ% 21 %21%22_The_Moavie nesdCvi The_True_Meaning_of_%22Brotherhood%22%3F
[]..3 SYSIEMADM 249 % 2IBUZZ% 21 %21 %22_The_Moavie wikiFagellsesTemplate Template:infobox_music_dwd
[+ 3 S¥SIBMIMTERMAL 250 % 22BUzz% 21 %21%22_The_Maovie nihongoProperty Fleasure'ds -dinsei no Kairaku-
[]--3 S¥SIBMTS 251 |%Z22BUZZ% 21 %21%22_The_Moavie nihongoProperty Fleasure'ds ~é°°g”"r"é|:|®ég,«ae¥‘é~
EJ--:: SYSPROC 252 |%22Bum%21%21%22_The_hovie wikiPagelUsesTemplate Template:nihongo
B~ @ SYSSTAT 253 |%22By_My_Side%22 name By My Side
B @ SYTO0LS 254 |%22By_My_Sidew22 cover hitp:fupload wikimedia.orgiwikipediaicommons/4/4 2/BY_Your_Side_Coverjpg
255 |%22By My Side%22 artist Jadakiss
256 |%2Z2By Ny Side%22 artist Me-Yo
257 |%22By Ny Side%22 fromAlbum "Kiss My Asstbrf
258 |%22By_hly_Side%32 released 2008-09
259 |%22By_hily_Side%32 farmat CD_single
260 |%22By_hly_Side%32 farmat Digital_download
261 |%22By_hily_Side%32 genre Gangsta_Rap
262 |%Z2Bv My Side%Z2 lenath 333
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m Introduction to team

m Linked Data AT TTTA
m Linked Data Exploration |
o My IBM Experience
m Linked Data Profiling
o The Project Goals

‘ m Organizational Stuff
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Homework! w

Explore DBPedia (and Wikipedia)!
o Appreciate problem and profiling need
o Next week: Mr. DBPedia is here
¢ 29.4. 13 - 17 Uhr
See TED-talk by Tim Berners-Lee
Choose problem (email with top 2 choices)
0 Infrastructure (6x 1/6 person)
o Domain heterogeneity (2 persons)
0 Schematic heterogeneity (2 persons)
0 Object heterogeneity (Discovery per Object) (2 persons)
Identify solution directions

Hasso
Plattner
Institut



37

Questions, wishes, ...

= Now, or ...
m Office: A.1-13
m Consultations: Tuesdays 15-16 Uhr
or by arrangement
m Email: naumann@hpi.uni-potsdam.de
m Phone: (0331) 5509 280

Tha and

Felix Naumann | Linked Data Profiling | SoSe 2009
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