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■ Web Data abounds 
□ Linked, open, and otherwise
□ iPopulator

■ Web Data stinks 
□ Dirt, grime, and some surprises
□ ProLOD – Profiling LOD

■ Cleansing and Integration
□ …of mops and brooms
□ Cross-language integration

■ Government data
□ Politicians, friends, and funds
□ The GovWILD experience 



A brief history of data
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Linked Data & Data Spaces:
A database guy‘s point-of-view
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Semantic WebRelational
databases

Dataspaces /
Data integration Linked data

 Some schema
 Integrated
 Ad-hoc
 Data quality
 High accessibility



Linked data – 4 Principles, 7 Properties
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1. Use URIs as names for 
things.

2. Use HTTP URIs so that 
people can look up those 
names.

3. When someone looks up a 
URI, provide useful 
information.

4. Include links to other URIs, 
so that they can discover 
more things.
□ Many common things are 

represented in multiple 
data sets!

■ The Good
□ Comes as triples

S: http://.../Berlin

P: location 

O: http://.../Germany

□ Often user generated
□ Nice domains
□ Free

■ The Bad
□ Voluminous 
□ Heterogeneous

■ The Ugly
□ Dirty, inconsistent, sparse



Linked Data Graph

Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/



DBpedia – Extraction
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DBpedia statistics

■ 1 billion triples
□ 385 million English

■ From 97 languages of Wikipedia
■ 3.6 million things

□ 416,000 persons
□ 526,000 places
□ 106,000 music albums
□ 60,000 films
□ 17,500 video games
□ …

■ http://wiki.dbpedia.org/Datasets
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And more sources
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■ Government data
□ www.data.gov

450k data sets
□ data.gov.uk
□ ec.europa.eu/eurostat

■ Finance / business data
■ Scientific databases

□ www.uniprot.org
□ skyserver.sdss.org

■ The Web
□ HTML tables and lists
□ General sources: DBpedia, freebase, …
□ Domain-specific sources: IMDB, 

Gracenote, isbndb, …
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■ Web Data abounds 
□ Linked, open, and otherwise
□ iPopulator

■ Web Data stinks 
□ Dirt, grime, and some surprises
□ ProLOD – Profiling LOD

■ Cleansing and Integration
□ …of mops and brooms
□ Cross-language integration

■ Government data
□ Politicians, friends, and funds
□ The GovWILD experience 
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iPopulator



Occurrence of values in article text:
12 most frequent attributes in infobox_book
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72.0 % of the book articles specifying a series in the infobox
also contain the series in the article text. 8.7 % of these occurrences 
could only be found by separately searching for parts of these values.



20 most frequent templates
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On average, 42.2 % of the infobox_album attribute 
values can be found in the article text. 38.2 % of 
these occurrences could only be found by separately 
searching for parts of these values.



ArtikelinfoAttribute

ArtikelinfoArticleArtikelinfo

Training Data

Article

(1) Input Handling

Wikipedia Raw Input File

Attribute-
Value Pairs

(4) Attribute Value Extraction

Extracted Attribute-Value PairsArticle Text

(3) Construction of Training and Test Data

(5) Evaluator

Evaluation Results

Test Data

ArtikelinfoAttribute

(2) Structure 
Analysis

Attribute Value 
Patterns

Architecture of iPopulator
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Evaluation: infobox_planet
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Evaluation: infobox_book
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Evaluation on all attributes (>4000) of 
all infobox templates (>800)
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http://www.hpi.uni-potsdam.de/naumann/projekte/completed_projects/ipopulator.html
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■ Web Data abounds 
□ Linked, open, and otherwise
□ iPopulator

■ Web Data stinks 
□ Dirt, grime, and some surprises
□ ProLOD – Profiling LOD

■ Cleansing and Integration
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□ Cross-language integration

■ Government data
□ Politicians, friends, and funds
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Challenges: Heterogeneity at all levels

Felix Naumann | Extreme Web Data Integration | ICWE 2012

19

■ Source
□ Formats
□ Domain
□ Bandwidth

■ Schema
□ Structure
□ Semantics

■ Data
□ Formatting
□ Duplicates

□ File converters
□ Clustering, topic mining
□ Patience

□ Schema Mapping
□ Domain knowledge

□ Scrubbing
□ Entity Matching



The problem – a format mess
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The problem – a domain mess

■ What is a company? 35,588 candidates
■ Def. 1: Entities having a 

%companyName%
□ 22,890

■ Def. 2: “Company” 
according to DBpedia ontology 
□ 34,567

■ Def. 3: Entities having a 
wikiPageUsesTemplate
with value %compan%
□ 30,702
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1.companyName

2.company 
class

3.company
template

7511

12 438

22305

135

4739 448



Company Template
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The problem – a schema mess
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■ Triples and ill-defined templates 

invite disaster.
■ Schema chaos: Many attribute 

synonyms
□ Hundreds of different 

attributes
■ Schema misuse: Many attribute 

homonyms 
□ Foundation attribute in 

DBpedia may contain
◊ Person who founded 

the company
◊ Year/Date company 

was founded
◊ Location where the 

company was found

■ _percent_27_percent_27_percent_27co
mpanyName

■ _percent_3Cbr/_percent_3ECompanyNam
e

■ automatedImagingAssociationCompanyN
ame

■ bTcgvuvCompanyName

■ bellFoundryCompanyName

■ companyNameLocal

■ companyNameZh

■ companyName_percent_E3_percent_80_p
ercent_80

■ companyNames

■ dvdEuroCompanyName

■ europeanTradeAssociationCompanyName

■ iceCreamCompanyName

■ itIsExpensiveCompanyName

■ publicCompanyName

■ companyNameEn

■ companyNamesBigBum

■ companyName
23



The foundation attribute
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Infoboxes in Company class
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■ 34567 companies with 455821 
triples

■ 1729 different attributes
□ 894 appear only once 

■ After cleansing by DBpedia
□ 34711 companies with 

368185 triples
□ Only 50 different attributes

■ keyPeople 34100

■ industry 28720

■ foundation 26875

■ products 26486

■ homepage 25982

■ location 24094

■ companyName 23297

■ companyType 19591

■ companyLogo 14644

■ numEmployees 11395

■ locationCity 9210

■ name 8700

■ locationCountry 7985

■ founder 7867

■ revenue 7391

■ parent 6468

■ type 6358

■ areaServed 5842

■ logo 5434

■ founded 4107

■ companySlogan 4053

■ netIncome 3528

■ genre 3369

■ subsid 3288

■ headquarters 3191

■ airline 2686

■ services 2568

■ callsign 2391

■ icao 2386

■ iata 2363

■ owner 2303

■ fleetSize 2246

■ operatingIncome 2246

■ hubs 2244

■ website 2104

■ intl 1996

■ defunct 1987

■ fate 1944

■ slogan 1807

■ country 1734

■ destinations 1712

■ assets 1591

■ url 1505

■ locations 1384

■ divisions 1227

■ logoSize 1217

■ successor 1211

■ distributor 1125
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fieldName <info>
Dollars 
Obligated

Current 
Contract 
Value

Ultimate 
Contract 
Value

Major 
Agency

Modified 
Contractin
g Agency

Contractin
g Agency

Contractin
g Office

Program / 
Funding 
Agency

Program / 
Funding 
Office

Reason 
For 
Purchas
For DoD

example1 $220,989,132 $220,989,132 $220,989,132 Dept. of Defense

97AS: Defense 
Logistics
Agency

Defense 
Logistics
Agency SP0600

Defense 
Logistics
Agency SP0600 Invalid code

example2 $33,710,000 $33,710,000 $33,710,000 Dept. of Defense

1700: NAVY, 
Department of 
the

NAVY, 
Department of 
the N00024

NAVY, 
Department of 
the N00024

Convenienc
and Econom

info add?

kind of 
category for 
subagency

info2 never null never null never null

never null, use 
standardized 
from  modified never null

if blank -> 
same as 
Contracting 
Agency, 
one 
contract 
might have 
several 
funding 
agencies

scrubbing split

use 
Contracting 
Agency if 
left blank

map to LegalEntity 
as recipient

map to LegalEntity 
as Parent recipient

subject = "USSpending", amount.curr amount.ulti

Phew!



Schema mapping and data
transformation
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fieldName <info>

Dollars 
Obligate
d

Current 
Contrac
t Value

Ultimat
e 
Contra
ct 
Value

Major 
Agency

Modifie
d 
Contra
cting 
Agency

Contra
cting 
Agency

Contra
cting 
Office

Progra
m / 
Fundin
g 
Agency

Progra
m / 
Fundin
g 
Office

Reason 
For 
Purcha
se For 
DoD

Funded by 
Foreign 
Government 
or 
Internation
al Org.

Date 
Signed

Effectiv
e Date

Curren
t 
Comple
tion 
Date

Ultimat
e 
Comple
tion 
Date

Award 
Type

Reason 
For 
Modific
ation

Type of 
Contract 
Pricing

Letter 
Contra
ct

Multi-
Year 
Contra
ct

Perfor
mance-
Based 
Service 
Contra
ct

Major 
Progra
m

Contingen
cy, 
Humanitar
ian, or 
Peacekeep
ing 
Operation

Cost or 
Pricing 
Data 
DoD

Contra
ct 
Financi
ng

Cost 
Accoun
ting 
Standa
rds 
Clause

Contra
ct 
Descri
ption

Purchase 
Card As 
Payment 
Method

Numbe
r of 
Actions

National 
Interest 
Action

Program 
Source 
Agency

Program 
Source 
Account

Program 
Source 
Descriptio
n

Business 
Fund 
Indicator

Vendor 
Name

Vendor 
Alterna
te 
Name

Vendor 
Legal 
Organi
zation 
Name

Vendor 
Doing 
Busine
ss As 
Name

Vendor 
Name 
from 
Contra
ct

Divisio
n Name

Divisio
n 
Numbe
r or 
Office 
Code

Vendor 
Enable
d

Vendor 
Locatio
n 
Disable 
Flag

CCR 
Excepti
on

Vendor 
Addres
s Line 
1

Vendor 
Addres
s Line 
2

Vendor 
Addres
s Line 
3

Vendor 
Addres
s City

Vendor 
Addres
s State

Vendor 
Zip 
Code

Vendor 
Countr
y

Vendor 
Congre
ssional 
Distric
t 
(Modifi
ed)

Vendor 
Site 
Code

Vendor 
Alterna
te Site 
Code

Vendor 
DUNS 
Numbe
r

Parent 
DUNS 
Numbe
r

Vendor 
Phone 
Numbe
r

Vendor 
Fax 
Numbe
r

CCR 
Registr
ation 
Date

CCR 
Renew
al Date

Parent 
Company 
Name

Place 
Congre
ssional 
Distric
t 
(Modifi
ed)

Place 
of 
Perfor
mance 
Code

Place 
of 
Perfor
mance 
State

Place 
of 
Perfor
mance 
Countr
y

Place 
of 
Perfor
mance 
Zip 
Code

Place 
of 
Perfor
mance 
Cong. 
Distric
t

Major 
Produc
t or 
Service 
Code

Produc
t or 
Service 
Code

DoD 
Progra
m, 
System
, or 
Equipm
ent 
Code

DoD 
Claima
nt 
Progra
m Code

Princip
al 
NAICS 
Code

Inform
ation 
Techno
logy 
Comme
rcial 
Item 
Catego
ry

Govt. 
Furnis
hed 
Equipm
ent or 
Propert
y

Use of 
EPA 
Design
ated 
Produc
ts

Recove
red 
Materia
l 
Clause
s

Sea 
Transp
ortatio
n

Contra
ct 
Bundli
ng 
Reason

Consoli
dated 
Contra
ct

Produc
t 
Countr
y of 
Origin

U.S. 
Contra
ct

Identif
ying 
Agency 
ID

Procur
ement 
Instru
ment 
ID

Modific
ation 
Numbe
r

Transa
ction 
Numbe
r

Fiscal 
Year

IDV 
Agency 
ID

IDV 
Procur
ement 
Instru
ment 
ID

IDV 
Modific
ation 
Numbe
r

Solicita
tion ID

XML 
Schem
a 
Version

Compet
ition 
Catego
ry

Extent 
Compet
ed

Reason 
Not 
Compet
ed

Numbe
r of 
Offers 
Receive
d

Pre-
award 
Synops
is 
Requir
ement

Synops
is 
Waiver 
Excepti
on

Alterna
tive 
Adverti
sing

Comme
rcial 
Item 
Acquisi
tion 
Proced
ures

Comme
rcial 
Item 
Test 
Progra
m

Small 
Busine
ss 
Compet
. 
Demon
stratio
n 
Progra
m

A-76 
(FAIR 
Act) 
Action

Solicita
tion 
Proced
ures

Type of 
Set 
Aside

Evaluat
ed 
Prefere
nce

Type of 
Resear
ch

Statuto
ry 
Excepti
on To 
Fair 
Opport
unity

Organizational 
Type

Numbe
r of 
Employ
ees

Annual 
Revenu
e

Small 
Busine
ss

8A 
Firm

Hist. 
Underu
tilized 
Busine
ss 
Zone 
(HUBZo
ne) 
Firm

Small 
Disadv
antage
d 
Busine
ss

Shelter
ed 
Worksh
op 
(JWOD 
Provide
r)

Histori
cally 
Black 
College 
or 
Univers
ity

Educati
onal 
Institu
tion

Woman 
Owned 
Busine
ss

Vetera
n 
Owned 
Busine
ss

Service 
Disable
d 
Vetera
n 
Owned 
Firm

Local 
Govern
ment

Minorit
y 
Institu
tion

Americ
an 
Indian 
Owned 
Busine
ss

State 
Govern
ment

Federal 
Govern
ment

Minorit
y 
Owned 
Busine
ss

Asian-
Pacific 
Americ
an 
Owned 
Busine
ss

Tribal 
Govern
ment

Black 
Americ
an 
Owned 
Busine
ss

Native 
Americ
an 
Owned 
Busine
ss

Subcon
tinent 
Asian 
(Asian-
Indian) 
Americ
an 
Owned 
Busine
ss

Nonpro
fit 
Organi
zation

Hispan
ic 
Americ
an 
Owned 
Busine
ss

Emergi
ng 
Small 
Busine
ss

Hospit
al

Walsh-
Healy 
Act

Service 
Contra
ct Act

Davis-
Bacon 
Act

Clinger
-Cohen 
Act

Other 
Statuto
ry 
Authori
ty

Busine
ss Size 
Determ
ination

Subcon
tractin
g Plan

Price 
Evaluat
ion 
Percen
t 
Differe
nce

Reason 
Not 
Awarde
d to 
Small 
Disadv
antage
d 
Busine
ss

Reason 
Not 
Awarde
d to 
Small 
Busine
ss

Record 
Id

example1
$220,989,13
2

$220,989,1
32

$220,989,
132

Dept. of
Defense

97AS: 
Defense 
Logistics
Agency

Defense 
Logistics
Agency SP0600

Defense 
Logistics
Agency SP0600

Invalid 
code: X

03/28/200
8

03/28/200
8

04/30/200
9

04/30/200
9 Delivery Order

Novation 
Agreement

Fixed Price 
with Economic 
Price 
Adjustment X Unknown X

DAN 
MOLLER 
CABIN 
REPLACE
MENT None No

Not 
Applicable X jp8 No 00001 None 00021 02020

Operation and
Maintenance, 
Army

EQUILON 
ENTERPRISES 
LLC

SHELL OIL 
PRODUCT
S U S

EQUILON 
ENTERPRI
SES LLC

SHELL OIL 
PRODUCT
S U S

EQUILON 
ENTERPRI
SES LLC

Invalid 
code: 

910 
LOUISIAN
A ST HOUSTON TX: Texas

77002491
6 USA

TX18: 
Texas 18 4294737

77002491
6

42947370
000 35886 38533

Royal Dutch Shell 
PLC

AL01: 
Alabama 1 50000

AL: 
Alabama

UNITED 
STATES

36571372
8 00001

91: Fuels, 
lubricants, 
oils and 
waxes

9130: 
Liquid 
Propellants
and Fuels, 
Petroleum 
Base 00000 A8A

324110: 
Petroleum 
Refineries

Non-
Commercial 
Item No

Justification
-
Performanc
e

No
Clauses
Included No

Not a 
bundled
requiremen
t Yes

UNITED 
STATES

Invalid 
code: D

9700: 
DEFENSE, 
Departmen
t of B001 00000 00000 02008

9700: 
DEFENSE, 
Departmen
t of

SP060008
D0467 00000

sp060008r
0061 38776

Full and
open 
competition

A: Full and 
Open 
Competitio
n 00023 No Unknown Unknown D No No No

NP: 
Negotiated
Proposal / 
Quote

NONE: No 
set aside 
used.

No
Preference 
used

Invalid 
code: 

Invalid 
code: 

Invalid code: CORPORATE 
NOT TAX EXEMPT 15000

$20,000,0
00,000 Unknown No No No No No No No No No No No No No No No No No No No No No No No No X X X No 42867905

Other 
Than Small 
Business

Plan 
Required -
Incentive 
Not 
Included 00000

SDB 
Solicited 
and No 
Offer 
Received

SB Solicited 
and Offer 
was Not 
Low 36325941

example2 $33,710,000
$33,710,00
0

$33,710,0
00

Dept. of 
Defense

1700: 
NAVY, 
Departmen
t of the

NAVY, 
Departmen
t of the N00024

NAVY, 
Departmen
t of the N00024

Convenien
ce and 
Economy X

01/18/200
8

12/21/200
7

04/30/200
9

04/30/200
9

Definitive 
Contract

Invalid 
code: Fixed Price A No No

2009 
CISCO 
ETHERNE
T

Contingency 
operation as 
defined in 10 
U.S.C. 
101(a)(13)

Not 
Obtained -
Waived"

Performanc
e-Based 
Financing Unknown

Austal 
Infrastructu
re 
Improveme
nts Yes 00001 Hurricane Katrina Recovery Act

AUSTAL USA 
LIMITED 
LIABILITY 
COMPANY

AUSTAL 
USA

Invalid 
code: 

1 DUNLAP 
DR MOBILE

AL: 
Alabama

36610170
3 USA

AL01: 
Alabama 1

80835278
00000PR

36610170
3

80835278
00000

05/30/200
1

10/31/200
8 Austal Usa, LLC

AL01: 
Alabama 1 14416

AL: 
Alabama

UNITED 
STATES

36610170
3 00001

Y: 
Constructio
n of 
structures 
and 
facilities

Y154: 
Constructio
n of 
Structures 
and 
Facilities --
Ship 
Constructio
n and 
Repair 
Facilities 00202 A3

336611: 
Ship 
Building 
and 
Repairing

Commercial 
Service Yes

Meets 
Requireme
nts

FAR 
52.223-4 
Included 
(Recovere
d Material 
Certificatio
n) Yes

Other 
bundled 
(not 
mission 
critical or A-
76) No MEXICO

Invalid 
code: F

9700: 
DEFENSE, 
Departmen
t of

N0002408
C2303 00000 00000 02008 38748

Full and 
open 
competition

A: Full and 
Open 
Competitio
n 00018 Yes Unknown Unknown No No Yes No

NP: 
Negotiated 
Proposal / 
Quote

NONE: No 
set aside 
used.

No 
Preference 
used

SBIR 
Program 
Phase II 
Action" Urgency

Invalid code: SOLE 
PROPRIETORSHIP 00600 $14 Unknown No No No No No No No No No No No No No No No No No No No No No No No No No Yes No No 42903471

Other 
Than Small 
Business

Plan Not 
Required 00000

No Known 
SDB 
Source

No Known 
SB Source " "

info add?

kind of 
category 
for 
subagency type

either 
Unknow
n, No, 
Yes, ""

No, Yes, 
X, "" Yes No, Yes

!!!!!!!!!!!
!

TAS code, 
don't seem to 
be related to 
any agency all null all null all null all null

more 
detailled 
Zip code

Unknow
n

Unknow
n fips, nist

identifie
s 
contracti
ng/agre
ement/
order

zusamm
enhäng
ende 
Records

not 
used

"Invalid code: 
INTERNATIONAL 
ORG"
"Invalid code: 
PARTNERSHIP"
"Invalid code: FOREIGN 
GOVERNMENT"
"Invalid code: 
CORPORATE NOT 
TAX EXEMPT"
"Invalid code: OTHER"
"Invalid code: US 
GOVERNMENT 
ENTITY"
"Invalid code:"
"Invalid code: N"
"" Yes No

not in 
last json

not in 
last json

not in 
last json

not in 
last json

not in 
last json

info2 never null
never 
null

never 
null

never null, 
use 
standardiz
ed from  
modified

never 
null

if blank 
-> 
same as 
Contract
ing 
Agency, 
one 
contract 
might 
have 
several 
funding 
agencie
s

suppose
d to 
have 9 
digits

suppose
d to 
have 9 
digits

scrubbing split

use 
Contract
ing 
Agency 
if left 
blank

unknow
n and "" 
-> null 
(no 
conversi
on to 
true/fals
e) X = Yes

decapita
lize

unknow
n -> 
null

filter form 
e.g. LLC

add to 
Address
Line

filter 
long 
name

look up 
list

filter 
number

filter legalForm 
e.g. LLC

filter 
long 
name

decapite
lize 
United 
States

decapita
lize split split

remove "invalid 
code" if not "invalid 
code: (n)" split

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
and x to 
yes

keep 
yes, no. 
turn 
unknow
n or "" 
to null 
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e.g. 
type.categor
y = 
company 
and 
type.form

alternat
eNames

alternat
eNames

alternat
eNames

alternat
eNames *** *** *** *** ***

address
es.stree
t

address
es.addr
essLine

address
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1pt font!



The problem – a data mess

■ Poor schemata: No types, no constraints
■ Sloppy data entry: 

□ Data value are neither standardized nor normalized
■ Revenue attribute may contain different units, different currencies, 

and different number-formats.
□ 1.64 billion USD vs. $1640 m vs. 1,6 vs. more than one 

million Euro in 2006
□ And lots of other stuff:

Felix Naumann | Extreme Web Data Integration | ICWE 2012

28

28

?
Undisclosed

Image:green_up.png

Assets exceed £4 billion GBP

Wal-Mart

€ bn (as of 2004)

http://www.credit-suisse.com/investors/en/reports/2007_results_q4.jsp
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■ Web Data abounds 
□ Linked, open, and otherwise
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■ Web Data stinks 
□ Dirt, grime, and some surprises
□ ProLOD – Profiling LOD

■ Cleansing and Integration
□ …of mops and brooms
□ Cross-language integration

■ Government data
□ Politicians, friends, and funds
□ The GovWILD experience 



ProLOD profiling tasks

■ Clustering 
□ Hierarchical, based on schema
□ Labeling

■ Predicate statistics
□ State-of-the-art profiling for attribute 

values
□ Value types: literals, internal and 

external links
□ Data types (String, Text, Integer, 

Decimal, Date)
□ Strings  determine (normalized) 

patterns
□ Integers, Decimals  display value 

ranges
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ProLOD – Profiling Linked Open Data
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Five steps for integration
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Source Selection

Schema Matching 
& Mapping

Data Extraction & 
scrubbing

Entity Matching

Data Fusion



Step 1: Source selection

■ Performed by domain experts
■ Criteria
□ Availability and downloadability
□ Coverage of domain 

(completeness)
□ Complementation with other 

sources
□ Reputation of source
□ Accuracy of data
□ Cost
□ Other data quality criteria…
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Step 2: Schema matching and mapping

■ Semi-automated matching
□ Label-based and instance-based

■ Challenges:
□ Multi-lingual
□ Homonyms 

and Synonyms
□ 1:1, 1:n, n:m

■ Complex data 
transformation

Felix Naumann | Extreme Web Data Integration | ICWE 2012

35

Final Schema DBPedia SEC Freebase

dbpediaURI /type/object/key
cik secCik CIK

irsnumber

companyName
companyName, name, 
nonProfitName name /type/object/name, /common/

address BusinessAddress, MailingAddress
/location/mailing_address/stre
/location/mailing_address/pos

locationCity locationCity, location BusinessAddress, MailingAddress /location/mailing_address/city
locationCountry locationCountry, location, showflag BusinessAddress, MailingAddress

telephone BusinessAddress
symbol symbol Symbol /business/company/ticker_sym

homepage homepage, url

keyPeople (name,title ) keyPeople KeyPeople
/business/employer/employees
/business/company/board_me

industry industry industry

products products, services, genre

companyType companyType, type, nonProfitType company_type

numEmployees numEmployees, employees

revenue revenue

netIncome
netIncome, grossProfit, earnings, 
operatingIncome

foundingYear foundation, ageProperty /business/company/founded
fate fate, currentStatus, end, dissolved, defunct, successor, origins
companySlogan companySlogan, motto, slogan
subsid subsid subsidiary subsidiaries /business/company/subsidiary



Step 3: Data extraction & scrubbing 

■ Recognize data types
■ Regular expressions for multi-valued strings
■ Remove spurious values (layout, formatting, …)
■ Standardize formats
■ Translate from foreign languages
■ Many tools
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Step 4: Entity matching

■ Duplicate entities
■ Linking between entities
■ Challenges
□ Fuzzy matching: Similarity measures
□ Data volume: Partitioning algorithms
□ Sparse data

◊ Michael Jordan born_in Miami
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Step 5: Data fusion

■ Combine multiple representations of real-world entities
□ Survivorship, consolidation, etc.

■ Resolve data conflicts
□ Conflict resolution functions
□ Reputation / accuracy / freshness -> “truth discovery”

■ Retain data lineage

Felix Naumann | Extreme Web Data Integration | ICWE 2012

39

ID max length MIN CONCAT

 $5.99Moby DickHerman Melville0766607194
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Multi-Lingual Wikipedia

■ Goal: Schema matching across languages
□ Complement infobox data
□ Autocomplete for authors
□ Detect errors or inconsistencies
□ Keep values up to date

■ Idea: Use cross-language links across all 285 
languages
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Interlanguage links (ILLs)

■ First, evaluate quality of ILLs and build duplicate clusters
□ Build connected components using cross-language links (on 

the six largest languages)
■ But, largest weakly connected component has 108 articles

□ 26 English, 26 German, 21 French, 13 Italian, 13 Dutch, 
and 9 Spanish articles
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Other large components
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Piotr – Peter – Pierre – Stone – Rock – Crag & Tail

Easy Listening – Pop music – World music – Musique folk – Folk – Pueblo - Village

Joint Stock Company – … – Brother 



Whittling down the ILL set

■ A connected component is incoherent if it contains more than 
one node for any language.

■ Result: 1,069,948 coherent, connected components
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SCC
• Strongly connected components (SCC)
• Each node is reachable from each other node
• 1,067,753 SCCs of which 3,469 are incoherent

BCC
• Bidirectionally connected components (BCC)
• Undirected graph of bidirectional components is connected
• 4,241 BCCs of which 2,980 are incoherent

2CC

• Bi-connected components (2CC)
• Each pair of vertices is connected via two vertex-independent 

paths.
• 8,828 2CCs of which 4,770 are vertex-disjoint



Infobox Template Mapping

■ Problem: Match schemata only of corresponding templates.
■ Different granularities in templates => n:m mapping
■ Idea: Count co-occurrences of infobox templates in terms of 

connected components and apply thresholds:
□ Absolute: at least 5 co-occurrences
□ Relative: co-occurrence frequency at least 20% of individual 

occurrences of the templates
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Infobox_programming_language

Infobox_software

Infobox_web_browser

Infobox_Programmiersprache

Infobox_Software



Duplicate-based Schema Matching

■ General technique of data is available under both schemas
■ Idea: If data coincides for attributes of two schemata, they 

probably match.

■ For each infobox template pair
□ For each article pair

◊ For each attribute value pair
● Determine similarity of values (edit-distance)
● Store in matrix

□ Aggregate similarities across all articles
□ Perform global matching: bipartite assignment
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Duplicate-based Schema Matching
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Evaluation

■ Qualitative evaluation via hand-crafted attribute mappings
□ 96 infobox template pairs
□ 1,417 expected attribute pairs
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%
en

de

en

fr

en

nl

de

fr

de

nl

fr

nl
Overall

Precision 91.97 92.28 95.15 90.78 91.67 93.85 92.64

Recall 94.17 96.83 94.80 92.06 93.22 92.82 94.21

F1 Score 93.06 94.50 94.97 91.42 92.44 93.33 93.42



Next step by community: Wikidata

■ Free knowledge base about the world
■ Read and edited by humans and machines
■ Data in all the languages of the Wikimedia projects

□ In particular: Wikipedia pages
■ Central access to data

■ Begin April 2012 – much to do
■ http://meta.wikimedia.org/wiki/Wikidata/de
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Motivation – Wealth of Open Gov Data 
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Companies, Agencies, and People
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Interesting queries

■ Find all classmates of George W. Bush who, during his 
term, have worked at a company that has received 
government funding.

■ For each member of congress, find all earmarks 
awarded to organizations that have employed a relative 
of that member of congress. 

■ For each government employees, find all companies 
that have received funding supported by that member 
and have employed him after/before their term in 
congress. 

■ Goal: Demonstrate the power of 
□ Joins: Find unknown connections 

<person – university|company|fund – person>

□ Grouping and aggregation: Combine data about 
parties, companies, and persons; calculate sums. 

□ Sorting: Order results by funding amount
□ Sets: “for each … find all …”
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Persons

Felix Naumann | Extreme Web Data Integration | ICWE 2012

56



Organisations

Felix Naumann | Extreme Web Data Integration | ICWE 2012

57



http://govwild.org

■ 150,000 persons
■ 270,000 legal entities
■ 1,100,000 funds
■ 43,000,000 triples

■ Keyword Queries

■ Linked Data Interface (dereference URIs)

■ Exploration of entities mentioned in New York Times articles

■ Data Download (RDF, SQL Dump, JSON files)
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Allianz insurance
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Linked Data Graph
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Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/



Summary

Felix Naumann | Extreme Web Data Integration | ICWE 2012

62

■ Web Data abounds 
□ Linked, open, and otherwise
□ iPopulator

■ Web Data stinks 
□ Dirt, grime, and some surprises
□ ProLOD – Profiling LOD

■ Cleansing and Integration
□ …of mops and brooms
□ Cross-language integration

■ Government data
□ Politicians, friends, and funds
□ The GovWILD experience 



References

■ Extracting Structured Information from Wikipedia Articles to Populate Infoboxes
Dustin Lange, Christoph Böhm, and Felix Naumann
Proceedings of the 19th Conference on Information and Knowledge
Management (CIKM) 2010, Toronto, Canada
(Extended version available as technical report)

■ Profiling Linked Open Data with ProLOD
Christoph Böhm, Felix Naumann, Ziawasch Abedjan, Dandy Fenz, Toni Grütze, 
Daniel Hefenbrock, Matthias Pohl, David Sonnabend
Workshop New Trends in Information Integration (NTII) 2010, Long Beach, USA

■ Linking Open Government Data: What Journalists Wish They Had Known
Christoph Böhm, Felix Naumann, Markus Freitag, Stefan George, Norman 
Höfler, Martin Köppelmann, Claudia Lehmann, Andrina Mascher, and Tobias 
Schmidt.
Honorable Mention at Linked Data Triplification Challenge 2010 @ I-Semantics, 
Graz. (link to GovWILD)

■ DuDe: The Duplicate Detection Toolkit
Uwe Draisbach and Felix Naumann: QDB 2010 Workshop at VLDB, Singapore

Felix Naumann | Extreme Web Data Integration | ICWE 2012

63


