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Hasso
My path through ICIQ ﬂ Institut

m Attendant 1998, 2000 - 2002, 2004 - 2006, 2009, 2012
m Author 1998 - 2004, 2007

m Presenter 1998, 2000 - 2002, 2004 — 2006, 2012

m Session chair every time...

m PC chair 2005 with Michael Gertz and Stu Madnick

m General chair 2009 at HPI in Potsdam

m Keynote speaker 2012

m Additional job ,Waiting staff at the conference banquet” (page 10)

Thanks to the ICIQ community for a great ride!
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Overview institut

4
‘ s Web Data abounds

o Linked, open, and otherwise
o IPopulator

m Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD

m Cleansing and Integration
o ...of mops and brooms
o Cross-language integration

m Government data
o Politicians, friends, and funds
0 The GovWILD experience
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A brief history of data Institut

DBMS DB|E
: DBMS

PDEMS - DBMS - DBMSMS¥

NR

=
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= Linked Data & Data Spaces: E Plattner
- A database guy's point-of-view

Institut

Some schema
Much data

Dataspaces / Integrated Linked data

Data integration Ad-hoc use cases

Poor data quality
High accessibility

e

Relational
databases

Semantic Web

Felix Naumann | Quality of Web Data | ICIQ 2012



Linked data — 4 Principles, 7 ﬂ Hasso
Properties

Institut

1. Use URIs as names for m The Good
things. 0 Comes as triples
2. Use HTTP URIs so that S: http://.../Berlin
people can look up those P. location
names. O http://.../Germany
3. When someone looks up a o Often user generated
URI, provide useful 5 Nice domains
iInformation.
o Free
4. Include links to other URIs, s The Bad

so that they can discover

: 0 Volumin
more things. ofu ous

i 0 Heterogen
0 Many common things are eterogeneous

represented in multiple m The Ugly
data sets! o Dirty, inconsistent, sparse
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32 hillion RDF triples

||||QLLLLWMAMJJ””"""

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

{{ Infobox company

| name =
| logo =
|caption =
| type =
| traded_as =
Conponent] ]

| industry =

International Business Machines Corporation

<br />[[File:IBN logo.svg|200px]]<br />

Logo since 1972, designed by [[Paul Rand]]

[[Public company|Public])

{{New York Stock Exchange|IBM}}<br />[[Dow Jones Industrial Average|Dow Jones Compon

[[Personal computer hardware|Computer hardware]], [[Software|Computer software]], [[

services] ), [[Information technology consulting|IT consulting]]

| products =

| founder

| foundation

| location_city

| location_country

|area served

| key_people =

| revenue

[[List of IBM products|See IEN products]]

[[Charles Ranlett Flint]]

[[Endicott, New York|Endicott]], New York, U.S.<br />({{Start date|1911|06|16}})
[[Armonk, New York|Armonk]], New York

U.3.

Worldwide

[[Ginni Rometty]]<br />({{small|Chairman, President, and CEO}})

{{Increase}} US$§ 106.91 [[1000000000 (nwdber)|billion]] <small>{2011)</small><ref na

|url=http://ropmagy.con/articles/2012/01/20/ intel-ibm-exceed-earnings-estimates-google-falls-short.aspx|

International Business Machines Corporation |work=United States Securities and Exchange Commission}}</re

|operating income =

| net_income

| assets

| equity
| num_enployees

{{Increase}} US$ {{0|0}}20.28¢&nbsp;billion <small>(2011)</small><ref name=10K/>
{{Increase}} US$ {{0|0}}15.856&nbsp;billion <small>(2011)</small><ref name=10K/>
{{Increase}} US$ 116.43&nbsp;billion <small>(2011)</swall><ref name=10K/>

{{Decrease}} US$ {{0]0}}20.13¢nbsp;hillion <small>(2011)</small><ref name=10K/>

= 433,362 <small>(2012)</small><ref neame="Fortune 500: IBM employees"/>

Felix Naumann | Quality of Web Data | ICIQ 2012
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DBpedia statistics

1. Core Datasets

Dataset
Titles ( preview )

Short Abstracts ( preview )

Extended Abstracts | preview |

Images | preview )

Links to Wikipedia Article (

preview |

Articles Categories | preview |

External Links { preview

Infoboxes | preview )

Froperties | preview )

DEpedia Ontology | preview )
Ontolo

Ontology Types | preview |
Homepages | preview

Geographic Coo
)

Fagelinks { preview )

Fersondata ( praview )

Redirects { preview )

gy Infoboxes ( preview )

rdinates | preview
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o f- 1 b|II|on triples
.~ 0 385 million English

" m From 97 languages of Wikipedia
- = 3.6 million things

0 416,000 persons

0 526,000 places
- 0 106,000 music albums

0 60,000 films
o 17,500 video games
.

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

Felix Naumannt | Quallty of Web Data | ICIQ 2012
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ﬂ Hasso
And more sources Institut

11
m Government data

o www.data.gov
(380k data sets)

o data.gov.uk (9k)
O ec.europa.eu/eurostat
m Finance / business data
m Scientific databases
O Www.uniprot.org
0 skyserver.sdss.org
m The Web
o HTML tables and lists > 1billion (estimated Feb. 2011)
0 General sources: Dbpedia (3.7m), freebase (23m), ...
o Domain-specific sources: IMDB,

Gracenote, isbndb, ... Kﬁ H H@[ﬁ @E@E@?

Felix Naumann | Quality of Web Data | ICIQ 2012
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Overview

Web Data abounds
o Linked, open, and otherwise
o IPopulator
Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
Cleansing and Integration
o ...of mops and brooms
o Cross-language integration
Government data
o Politicians, friends, and funds
0 The GovWILD experience

Hasso
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= Current events
= Random article

search

l

“ | Go || Search |

interaction

PR

] 1 ] ]

1

society such as the one described in N oen, Eighty-Four would be able to
long-lived dissent. The story follows the life of 8 eemingly insignificant mary, Winston

Smith, a civil servant assigned the task of perpetuatirig Iheyggime's propaganda by falsifying
records and political literature so that it appears that the gavernmesd is always corre¢
what it says. Smith grows disillusioned with his meager existence and so D®§
against the system that leads to his arrest and torture.

The novel has become famous for its portrayal of pervasive governmg rveillance and

itic h firet adtinn ~Aruar

[CIKM2010]
13
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Occurrence of values in article text:
12 most frequent attributes in ﬂ Hasso

' Plattner
Infobox_book Institut

72.0 % of the book articles specifying a seri es in the infobox -
— also contain the seri es inthe article text. 8.7 % of these occurrences —
i could only be found by separately searching for parts of these values. -
< K K 2 o ey X
8 S Q & A\ © ne
§S‘ (\,0(0 \é\ o(\ \éo 6’0 &/ &9 eq}\ ° L ¥
& & & ST
Complete @‘%}atch (exact) N &0\\0 @o Q S
2 C
Complete match (similar) ¢
Attribute

Part match (similar, average)
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20 most frequent templates ﬂ Institut

1
0,9 On average, 42.2 %b of the i nf obox_al bumattribute
0.8 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.

1

Occurrence rate
o o0 o o ©
O R N W N O
A
i|
S _é‘
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Architecture of iPopulator ﬂ Institut

16 { Wikipedia Raw Input File } [ Evaluation Results J

(1) Input Handling

\

S
Article Text Attrlbut(_e— Extracted Attribute-Value Pairs
Value Pairs

Article /.

(" & )

N——"oI

e )

Article

(2) Structure

(4) Attribute Value Extraction

Analysis
—— WG | N\
Attribute Value [ Training Data } [ Test Data }
Patterns
L Attribute J) \ Attribute Y.

(3) Construction of Training and Test Data

Felix Naumann | Quality of Web Data | ICIQ 2012



Learning infobox values with ﬂ Hasso
IPopulator

Institut

17
m Wikipedia Raw Input File

m Structure analysis
o Attribute value patterns:
m Construct training data
0 Hide some infobox data
m Machine learning
0 One extractor per attribute
m Extract values for previously hidden parts

o Evaluate precision, recall,
and F-measure

Felix Naumann | Quality of Web Data | ICIQ 2012 z=2X-y)/l(X+Yy)
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Evaluation: infobox_planet ﬂ Institut

PRBERL

22032 Mikekoop

From Wikipedia, the free encyclopedia

18

22032 Mikekoop (provisional designation: 1999 XB4s4) is a main-belt minor planet. It was discovered through the Lowell Observatary Mear-Earth-Object Search at the
Anderson Mesa Station in Coconino County, Arizona, on December 9, 1999, 1t is named after Michael Walter Koop, an American electnc engineer and amateur
astronomer.

Saa alen Trrlit]
o V,L
noo B B IS W B e B B Ra
O
Ll ¢ & < o 2 q x% Q
): Q) N O > Q
\ \ed & @ & ¢ Q&
N\ 2 & S > y &
X \@0 Q
o Attribute
mF (part) F (complete) Occurrence rate (part)

Felix Naumann | Quality of Web Data | ICIQ 2012
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. - attner
Evaluation: infobox_book Institut

Attribute

BF (part) ©=F (complete) = Occurrence rate (part)

Felix Naumann | Quality of Web Data | ICIQ 2012



Evaluation on all attributes

(=>4000) of all infobox templates ﬂ Hasso
(>800) Institat
20
1 ~
508 R
»n U,
.8 04 \_\\
5012 ‘R_
0 ~
NN NN ANNNNAN
Q" O O O O O O O
RN S N S
Attributes ordered by precision

http://www.hpi.uni-potsdam.de/naumann/projekte/completed_projects/ipopulator.html

Felix Naumann | Quality of Web Data | ICIQ 2012



Overview

21
m Web Data abounds

o Linked, open, and otherwise
o IPopulator
‘ m Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
m Cleansing and Integration

o ...of mops and brooms
o Cross-language integration
m Government data
o Politicians, friends, and funds
0 The GovWILD experience
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Challenges: Heterogeneity at all

levels

22
m Source problems

0o Formats
o Domain
0 Bandwidth
m Schema problems
o Structure
0 Semantics
m Data problems
0 Formatting
0 Duplicates

Felix Naumann | Quality of Web Data | ICIQ 2012
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File converters
Clustering, topic mining
Patience

Schema Mapping
Domain knowledge

Scrubbing
Entity Matching



Hasso
Plattner
Institut

o o

Felix Naumann | Quality of Web Data | ICIQ 2012



[T

24
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Hasso
- Plattner
The problem — a domain mess ﬂlnsmut

What is a company? 35,588 candidates

Def. 1: Entities having a
YconpanyNane%
o 22,890

Def. 2: “Company”
according to DBpedia ontology

o 34,567

2. conpany

Def. 3: Entities having a cl ass

w ki PageUsesTenpl at e
with value Y€onpan%

o 30,702

Felix Naumann | Quality of Web Data | ICIQ 2012
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Company Template

{4 Infokhox Company

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
¥

nare
logo

Type

genre
predecessor
foundation
founder
location city

logation country =

location
locations
area serwved
key people

industcry
products
Services
revenue
operating income
net income
assets

equity

aWner

nun employees
parEnt
divisions
subsid
homwepage
footnotes
intl

= The Wikitory Company

The Corporation Compahy
[[Image:Example.png| 160px] ]

[[Fublic company|Public]] [({inyse|TCC1r},
Corporate histories

{{tyo| TCC1r1)

[[New York City]].,
Wikiped Wikiad
[[Geattle]], [[Washington]]
[[United 3tatces|U.3.]]

[[United State=s|U.5.]] ({{3tart date|1900}})

300 stores (2000)
[[Morth Americal]

at [[2000-12-31]]

= Wikiped Wikiad <small>([[Entrepreneur|Founder]])</small> <br />

= Literary restoration,

= US$1,500,000,000 st [[2000-12-31]]

= TCC Company Histories,

Waldo Wikiad <swall>([[Chief executive officer|CEQ]])</small>
[[Fublizhing]]

[[Book]]l=s, [[magazine]]s

literary archiving

{{increase}} 5% from 1999

{{steady}} from 1999

{idecreaser} 12% from 1899

{{decreasel}t 9% from year earlier
{{increase}} 6% from year earlier

Us§500, 000, 000
U34$350,000,000
UsS$50,000, 000

(zoonj,
{2000
(2000)

U5§950, 000,000
Wikiped Wikiad
1,500 (zZ0o00)

Mega Corporation Inc.

at [[2000-12-31]]

TCC Magazine 3ervices
Festored Book Company, Super Archives, Ltd.
[http://wuw. checorporationcompany.cow/ TheCorporationCompany . com]

http://en.wikipedia.org/wiki/Template:Infobox_company
offers some explanation

Vertical list

nane
logo

Lype

genre

fate
predecessor
SuCCcessor
foundation
founder
defunct
location city
location country
location
locations
area served
key people
industry
products
services
revenus
operating income
net incomes
aum

assets

equity

OWHnEr

num employess
parent
divi=zions
subsid
homepage
footnotes
intl

-'!'I'!'I Haccen

Requirements

REQUIEED

REQUIEED

REQUIEED

RECUIRED
REQUIEED
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Plattner
The problem — a schema mess ﬂ Institut

26
m Triples and ill-defined

templates invite disaster.

m Authors can invent new
attributes

m Schema chaos: Many
attribute synonyms

0o Hundreds of different
attributes

m Schema misuse: Many
attribute homonyms

aut omat edl magi ngAssoci ati onCom
panyNamnme

bTcgvuvConpanyNane

bel | Foundr yConpanyNanme
conpanyNaneLocal
conpanyNaneZh

conpanyNane_ percent E3 percent
80 _percent 80

m conpanyNanes
m dvdEur oConpanyNane
m europeanTradeAssoci ati onConpan

yNane

| ceCr eanConpanyNane

| t | sExpensi veConpanyNane
publ i cConpanyNane
conpanyNaneEn
conpanyNanesBi gBum
conpanyNane



ST

The f oundat | on attribute

i,

27
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Infoboxes in Company class

28

m 34567 companies with 455821
triples

m 1729 different attributes
0 894 appear only once

m After cleansing by DBpedia

0 34711 companies with
368185 triples

o  Only 50 different attributes

keyPeople 34100
industry 28720
26875
26486
25982
24094

companyName

foundation
products
homepage
location
23297
19591
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

companyType

companyLogo

netlncome 3528
genre 3369
subsid 3288

Hasso
Plattner
Institut

headquarters 3191
airline 2686
services 2568
callsign 2391

icao 2386
iata 2363
owner 2303

fleetSize 2246
operatinglncome 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



97AS: Defense [Defense Defense
Logistics Logistics Logistics
$220,989,132 $220,989,132  [$220,989,132 |Dept. of Defense  |Agency Agency ISP0600 Agency ISP0600 Invalid code
1700: NAVY, [NAVY, NAVY,
Department of |Department of Department of Convenienc
$33,710,000 $33,710,000 $33,710,000  Dept. of Defense  the the IN00024 the IN00024 land Econon

never null

never null

never null

kind of
category for
ubagency

never null, use
istandardized
from modified

never null

ubject = "USSpending",




- Schema mapping and data
- transformation

Hasso
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Ontologies to the rescue? ﬂ Institut

Overspecification:

Not all ontology definitions
are used (anymore)

Ontology

:Settl enment

;W nterTenperature
. sunmer Tenper at ure
:scotti shNane

uses : .
: di st anceToEdi nbur gh
Data Publisher Data Publisher
» Settl enent i _ : Settl enent
- Wi nt er Tenper at ur e Underspecification: - Wi nt er Tenper at ur e
: summer Tenper at ur e Ontologies evolve over : summer Tenper at ur e
: springTenper at ure time and are adjusted dbpprop: | atd
:fall Tenperature ad-hoc by data providers || dbppr op: | ongd
— D I
- Settl enment - Settl enent
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Mismatch examples

Hasso
Plattner
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[CIKM2012a

More examples for underspecification in DBpedia 3.7

“numberOfEpisodes :TelevisionShow
“:numberOfSeasons :TelevisionShow
“genre -Artist
:philosophicalSchool :Philosopher
:countySeat :AdministrativeRegion
-anthem :Country

-depth -Lake
-:numberOfGraduateStudents :College

64.362%
46.267%
56.624%
76.225%

9.470%
18.730%
33.698%
93.590%

More examples for overspecification in DBpedia 3.7

:scottishName
-distanceToEdinburgh
“waistSize
:philosophicalSchool
-countySeat

-anthem

-depth
-:numberOfGraduateStudents

:Settlement
:Settlement

:Person

:Person
:PopulatedPlace
:PopulatedPlace

:Place
:Educationallnstitution

0.000%
0.021%
0.013%
0.202%
0.831%
0.147%
0.723%
0.300%

Felix Naumann | Quality of Web Data | ICIQ 2012
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Plattner
The problem — a data mess ﬂ Institut

33
m Poor schemata: No types, no constraints

m Sloppy data entry:
0 Data value are neither standardized nor normalized

m Revenue attribute may contain different units, different currencies,
and different number-formats.

0 1.64 billion USD vs. $1640 mvs. 1,6 vs. nore t han one
mllion EBuro in 2006

- Wal-Mart
0 And lots of.other stuff: - Undisclosed
?
Assets exceed £4 billion GBP

http://www.credit-suisse.com/investors/en/reports/2007_results_g4.jsp

Image:green_up.png s A € bn (as of 2004)

Felix Naumann | Quality of Web Data | ICIQ 2012




Overview

34
m Web Data abounds

o Linked, open, and otherwise
o IPopulator
m Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
m Cleansing and Integration

o ...of mops and brooms
o Cross-language integration
m Government data
o Politicians, friends, and funds
0 The GovWILD experience

Hasso
Plattner
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ProLOD profiling tasks

35

m Clustering

o Hierarchical, based on schema

(I

Labeling

m Predicate statistics

O

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

Hasso
Plattner
Institut

[NT112010]



ProLOD —
Profiling Linked Open Data

i

e

Felix Naumann | Quality of Web Data | ICIQ 2012
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[NT112010]
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Beyond traditional profiling: ﬂ Hasso
Topic discovery on Webdata

Institut
[CIKM2012Db]

m Large amounts of heterogeneous graph data emerge from
different domains.

m How to select appropriate data for the task at hand?

m There is no means to describe dataset topics in a structured and
abstract way!

m Perform an overlapping graph partitioning that relies on structure
and coherence of classes in the graph only.

o Our partitioning does not rely on textual labels

o Each partition covers a topic.



Topics from graph-patterns

i‘

38

e e e e e e
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Overview

39
m Web Data abounds

o Linked, open, and otherwise
o IPopulator

m Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD

‘ m Cleansing and Integration

o ...of mops and brooms
o Cross-language integration

m Government data
o Politicians, friends, and funds
0 The GovWILD experience

Hasso
Plattner
Institut



40

B
. - - atiner
Five steps for integration Institut

Source Selection

Schema Matching
& Mapping

Data Extraction &
scrubbing

Entity Matching

Data Fusion

Felix Naumann | Quality of Web Data | ICIQ 2012



Step 1: Source selection

41

m Performed by domain experts

m Criteria

O

O

Availability and downloadability

Coverage of domain
(completeness)

Complementation with other
sources

Reputation of source
Accuracy of data

Cost

Other data quality criteria...

Felix Naumann | Quality of Web Data | ICIQ 2012
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[T

PR

Step 2: Schema matching and

mapping

m Semi-automated matching

o Label-based and instance-based

m Challenges:
o Multi-lingual

o Homonyms
and Synonyms

o 1:1, 1:n, n:m

m Complex data
transformation

Felix Naumann | Quality of We

S seccik

ik
irsnumber
_CompanyName, name:

fo) Name nonProfitName
address

locationCit locationCity, location
[eler=Ndle]a[®fe]llaida"A lOocationCountry, location, showflag

elephone
SVina]eJe]| symbol

omepage homepage, url

products, services, genre
companyType, type, nonProfitType
numEmponees, employees
_netlncome, grossProfit, earnings,
etlncome operatinglncome
foundation, ageProperty

STV E M companySlogan, motto, slogan
e, ., . e e e . e e .

CIK

name

BusinessAddress
BusinessAddress
BusinessAddress
BusinessAddress
Symbol

KeyPeople

Hasso
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/type/object/key

/type/object/name, /common/

/location/mailing_address/stre
, MailingAddress /location/mailing_address/pos
, MailingAddress /location/mailing_address/city
, MailingAddress

/business/company/ticker_syn

/business/employer/employee
/business/company/board_me

industry

company_type

/business/company/founded

N fate, currentStatus, end, dissolved, defunct, successor, origins
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Step 3: Data extraction &
scrubbing

m Recognize data types
m Regular expressions for multi-valued strings

m Remove spurious values (layout, formatting, ..

m Standardize formats
m Translate from foreign languages

m Many tools

Felix Naumann | Quality of Web Data | ICIQ 2012
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Step 4: Entity matching

44
m Duplicate entities

m Linking between entities
m Challenges
o Fuzzy matching: Similarity measures
o Data volume: Partitioning algorithms
O Sparse data
& M chael Jordan born_in Mam

Felix Naumann | Quality of Web Data | ICIQ 2012
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Web-scale entity matching ﬂ Institut
[CIKM2012c]
46

m LOD cloud: > 300 interlinked datasets

o Authors have co-authors, authors publish papers, papers
appear at conferences, conferences take place in cities, ...

o Joint inference: Alignment with geographic places provides
further evidence to match conferences, which in turn helps
to disambiguate papers and authors, etc.

m Here: BTC2011 + DBpedia + Freebase + Yago + Geonames
0 566m triples with 115m unique URIs
0 40GB binary data in DFS

m Distributed algorithm on Map/Reduce
0 428k SameAs-links in <2h on 10 servers

o Precision approx. 0.83



47

Step 5: Data fusion

m Combine multiple representations of real-world entities

o Survivorship, consolidation, etc.

m Resolve data conflicts

o Conflict resolution functions

Hasso
Plattner
Institut

o Reputation / accuracy / freshness -> “truth discovery”

0766607194 H. Melville $3.98
= T = T = T
ID max length @ CONCAT
0766607194 | Herman Melville Moby Dick | $5.99

m Retain data lineage
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Overview

Web Data abounds
o Linked, open, and otherwise
o IPopulator
Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
Cleansing and Integration
o ...of mops and brooms
o Cross-language integration
Government data
o Politicians, friends, and funds
0 The GovWILD experience
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Multi-Lingual Wikipedia

49 m Goal: Schema matching across languages
0o Complement infobox data
0 Autocomplete for authors
0 Detect errors or inconsistencies
0 Keep values up to date

m ldea: Use cross-language links across all 285
languages

Felix Naumann | Quality of Web Data | ICIQ 2012
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[1S2012]

v Languages

P
Brvnrapcku
Catala
Cesky
Dansk
Deutsch
Eesti
Espariol
Euskara
sl
Frangais
=04
e
Bahasa Indonesia
Italiano
nnay

g3
Latviesu
Lietuviy
Magyar
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Interlanguage links (ILLs) ﬂ Institut
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m First, evaluate quality of ILLs and build duplicate clusters

o Build connected components using cross-language links (on
the six largest languages)

m But, largest weakly connected component has 108 articles

o 26 English, 26 German, 21 French, 13 Italian, 13 Dutch,
and 9 Spanish articles
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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

Felix Naumann | Quality of Web Data | ICIQ 2012
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52 m A connected component is incoherent if it contains more than
one node for any language.

e Strongly connected components (SCC)
e EFEach node is reachable from each other node
e 1.067,753 SCCs of which 3,469 are incoherent

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

e Bi-connected components (2CC)

e Each pair of vertices is connected via two vertex-independent
paths.

» 8,828 2CCs of which 4,770 are vertex-disjoint

m Result: 1,069,948 coherent, connected components
Felix Naumann | Quality of Web Data | ICIQ 2012
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m Problem: Match schemata only of corresponding templates.

m Different granularities in templates == n:m mapping

m ldea: Count co-occurrences of infobox templates in terms of
connected components and apply thresholds:

o Absolute: at least 5 co-occurrences

0 Relative: co-occurrence frequency at least 20% of individual
occurrences of the templates

Infobox_programming_language Infobox_Programmiersprache

Infobox_software Infobox_Software

Infobox_web browser

Felix Naumann | Quality of Web Data | ICIQ 2012
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54
m General techniqgue when data is available under both schemas

m ldea: If data coincides for attributes of two schemata, they
probably match.

m For each infobox template pair
o For each article pair
¢ For each attribute value pair

e Determine similarity of values (edit-distance)
e Store in matrix

0 Aggregate similarities across all articles
o Perform global matching: bipartite assignment



Duplicate-based Schema Matching
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m Qualitative evaluation via hand-crafted attribute mappings

o 96 infobox template pairs

o 1,417 expected attribute pairs

Hasso
Plattner
Institut

de de fr
Overall

fr 1 Nl
Precision | 91.97 | 92.28 | 95.15 | 90.78 | 91.67 | 93.85 02.64
Recall 94.17 | 96.83 | 94.80 | 92.06 | 93.22 | 92.82 94.21
F1Score | 93.06 | 94.50 | 94.97 | 91.42 | 92.44 | 93.33 03.42
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Next step by community: ﬂ Hasso
Wikidata

Institut

m Free knowledge base about the world

m Read and edited by humans and machines

m Data in all the languages of the Wikimedia projects
o In particular: Wikipedia pages

m Central access to data

m Begin: April 2012 — much to do

m http://meta.wikimedia.org/wiki/Wikidata/de I I I I I I I I I I

Felix Naumann | Quality of Web Data | ICIQ 2012
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m Web Data abounds

o Linked, open, and otherwise
o IPopulator

m Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD

m Cleansing and Integration
o ...of mops and brooms
o Cross-language integration

‘ m Government data

o Politicians, friends, and funds
0 The GovWILD experience
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Welcome to [

the European Parliament

Unklarh
Politische
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T e e T T T e T e T

o

Companies, Agencies, and People
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= address m— e ear === party m— courceDetailed

s hirthDate = foundingCate = personRelationship = sponsor

m— late = |ggalEntity preFusedEntity start'fear

= leathDate — rewshrticle o recipient m— cybsidiary
Felix Naumann | Quality of Web Data | erelovment I — relatedPerson — workeFor



61

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

o Joins: Find unknown connections
<person — university|conpany|fund — person>

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

o Sorting: Order results by funding amount
o Sets: “for each ... find all ...”

Il

Chairman
of the board
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Funds
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Overview

Web Data abounds
o Linked, open, and otherwise
o IPopulator
Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
Cleansing and Integration
o ...of mops and brooms
o Cross-language integration
Government data
o Politicians, friends, and funds
0 The GovWILD experience
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http://govwild.org ﬂ Institut

[ISEM2010,WWW2012]

m 150,000 persons

m 270,000 legal entities

m 1,100,000 funds

m 43,000,000 triples

m Keyword Queries

m Linked Data Interface (dereference URISs)

m Exploration of entities mentioned in New York Times articles

m Data Download (RDF, SQL Dump, JSON files)
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Alllanz Insurance
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Linked Data Graph ﬂHasso
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Summary

Web Data abounds
o Linked, open, and otherwise
o IPopulator
Web Data stinks
o Dirt, grime, and some surprises
0 ProLOD — Profiling LOD
Cleansing and Integration
o ...of mops and brooms
o Cross-language integration
Government data
o Politicians, friends, and funds
0 The GovWILD experience
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