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Origins of Data Conflicts
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Origins of Data Conflicts
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Origins of Data Conflicts: German Names
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Origins of Data Conflicts: Difficult Names
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britney =pears 2% britent =spesars S brinttany spears 5 brney spears 3 britiy =pears
brittany spears 2% brittnany spears % britanay spears 5 broltney spears 3 britmeny spear
brittney spears 2% britttany spears % britinany s=spears 5 brotny spears 3 britneeey s=pea
britany =pears 2% btiney spears % britn =pears 5 bruteny spears 3 britnehy spear
britny =spears 26 birttney =pears % britnew spears S btiyney =pears 3 britnely spear
briteny =pears 26 breitney =pears % britneyn spears S btrittney spears 3 britnesy spear
britteny spears 2% brinity spears % britrney spesars S gritney =pears 3 britnetty spea
briney s=pesars Z2& britenay =pesars % brtiny spears S =pritney spears 3 britnex spesars
brittny =pesars britneyt =psars brtittney =psars 4 bittny spears britneyxxx =pe

brintey =pesars
britanny spears
britiny =pears
britnet =pears
britiney spears
britaney =pesars
britnay =spears
brithney spears
brtiney =pears
birtney =pears
brintney spears
briteney spears
bitney spears

brinty =spears

brittaney spear
brittnay spears
britey =pears

brittiny spears
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brittan =psars
brittne s=pesars
btittany =pears
beltney =pears
birteny =pears
brightney s=pear
brintiny spears
britanty =pears
britenny =pears
britini =psars
britnwy spsars
brittni =psars
brittnie =pears
biritney spears
birtany =pears
biteny =pears

bratney spesars
britani =pears
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brtny spears

brytny spears
rbitney =pears
birtiny spears
bithney spears
brattany =pears
breitny spears
breteny spears
brightny spears
brintay =psars
brinttey =pears
brioctney =pears
britanys spears
britley spears
britneykh spear

1]

britnrey spears
britnty spears

1]

brittner spear
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bnritney =pears
brandy =spears

brbritney spear
breatiny spears
brestney =pears
bretiney =pears
brfitney spears
briattany spear
brieteny =pears
briety =pesars

briitny =pesars
briittany =pesar
brinie spears

brinteney =spear
brintne =pears
britaby =pears
britasy =pears
britainey spear
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britnity =pear
britntey =pear
britnyey spear
britterny s=spea
brittneey s=spea
brittnney spea
brittnyey spea
brityen =spears
briytney =spear
brltney spears
broteny spesars
brtaney spesars
brtiiany =pear
brtinay =spears
brtinney spear
brtitany spear
brtiteny spear
brtnet spears
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brtney =pears 21 britanie =pears 8§ brottany spears 4 britinie spears 3 brytiny =pears
bretney spears 21 briteany =spesars 7 baritney spesars 4 britinney spesars 3 btney spears
britneys =psars 21 brittay =pesars 7 birntey =pesars 4 britmney spears 3 drittney spear
britne =psars 21 brittinay =pesars 7 biteney =psars 4 britnear spears 3 pretney spears
brytney spears 21 brtany spears 7 bitiny spears 4 britnel =spears 2 rhritney =spear
| breatney =spears 21 brtiany =pesars 7 breateny spears 4 britneuy spears 2 barittany =pea
) britiany =pears 1% birney spears 7 brianty spears 4 britnewy spears 2 kbhbritney =pea
britnney spears 1% brirtney s=spears 7 brintye spears 4 britnmey spears 2 bhitney spears
britnry =pears 1% britnaey s=pears 7 britianny spears 4 brittaby spears 2 bbritny spears
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Origins of IntraSource Conflicts

No integrity or consistency checks

Redundant schemata
Typos, transmission errors, incorrect calculations

Variants
Kantstr. / Kantstrasse / Kant Str. / Kant Strasse
Kolmogorov / Kolmogoroff / Kolmogorow

Typical confusion (OCR)
U<->V, 0<->0, 1<->|, etc.

Obsolete values
Different update frequencies, forgotten update
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Origins of InteiSource Conflicts
_ 8

4 Locally consistent but globally inconsistent

4 Different data types
4 Local spelling variations and conventions
Addresses

A StY Street, AveY Avenue, etc.
A R:Breitschei®tr. 72 aY RudoliBreitscheidStr. 72A

A 128 spellings for Frankfurt am Main
Frankfura.M, Frankfurt/ M, Frank® »»+ Croarl

Names b ’
A Dr.Ing h.c F. Porsche AG ﬁ

A HewlettPackard Development Company, L.P.

Numerical data
A 10.0000=10T EURO =10k EUR = 10.000jD& 10,000.- G

Phone numbers, birth dates, etc.

invent
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Resolution of Data ConflicGoogae fusion tables

tableés.googlelabs.com

oé focus I s on fusing
collaborationmergingmultiple data sources,
discussion of the data, querying, visualization, anc
Web publishing. o

oOoThe power of data 1 s
combine data from multiple sources. Fusion Table
enables you to fuse multiple sets of data when the
are about thesame entitiesIn database speak, we
call this goin on a primary key but the data

orit ginates from mul tiop
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Web Integratiom Google Fusion Table
o4

Mammals v Birds ~
11 13
2 7
Cell value: 15 ] 8
alonhalevy(3 minutes ago) 2
Jayant, do you know if this number includes the latest 0
finding from Dr. Gonzalez? 13
Jjayant(1 minute ago) 0
No, | don't think so. The number should be more like 3

23.

[ﬁ' i1
Cell value: 23

Ok, | changed it. Thanks.

( Save ;i Close )i Refresh )

4
1

~ Allows discussion of values between users
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http://4.bp.blogspot.com/_7jACTgmgVC8/Sig1-QuscvI/AAAAAAAABNs/FVwsuV17bUo/s1600-h/Fusion3.png

Data Conflict Elimination

Error correction

Reference tables
Cities, countries, products ...
Similarity measures
Standardization and transformation
Domairknowledge (meta data)

Conventions (country/regispecific spelling)
Ontologies

Thesauri, dictionaries for homonyms, synonyms, ...

Outlier detection and elimination
And data fusi one

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Overview

j> Data fusion in the integration process

Foundations of data fusion
Conflict resolution strategies and functions
Conflict resolution operators

Advanced trutidiscovery technigues
Existing data fusion systems
Open problems

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Information Integration

<pub>
<Titeb Federated Database
Systems <Titeb
<Autorer
<Autor AmitSheth</ Autor
<Autor James Larson &utop
</ Autorer»
</pub>

<publication>
<title> Federated Database
Systems for Managing
Distributed, Heterogeneous,
and Autonomous
Databases </title>
<author>Schetl& Larson </author>
<year> 1990 </year>
</publication>

Source B

Schema Data Duplicate
Mapping Transformation Detection

Data Fusion

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Source A

Source B

Information Integration

<pUh>
<Titeb F edciaicu Datavasc
Systems <Titeb
<Autorerr
<Autop A THERZIRY AuluP
<Auwpr James Larson <{utop
</ Autorer»
</pub>
/ [  /
<publication>
<title>  2-'craied Databas e
Systems for Mana giig
Distributed, Heterog2neous,
and Autonomer.ds
Databases </titls >
<author.~ Szretl& | zrson </author>
~year~ 002 Jyear>
</punication>

Schema Data
Mapping Transformation

Duplicate
Detection

<p||h>
<title> ftitle>
<Autorery
<author. </author>
<autwnor> </author>
</ Autorer»
<year> </year>
</pun-

Schema Integration

Schema Mapping

Data Fusion
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Information Integration

Transformation

gueries or views
<pub> Jub>
<Titel> Federated Database <title> Federated Database
Systems </Titel> Systems </title>
<Autoren> <Autoren>
<Autor> Amit Sheth </Autors- XQUEIY ~__ o~ Amit Sheth </author>

<Autor> James Larson </Autor> <author> James Larson </author>
</Autoren> </Autoren>
</pUb> </pUb>
<pub>
<publication> <title> Federated Database Systems for
<title> Federated Database Managing Distributed,
Systems for Managing Heterogeneous, and Autonomous
Distributed, Heterogeneous, Databases </title>
and Autonomous <Autoren>
Databases </title> XQuery <author> Scheth & Larson </author>
<author> Scheth & Larson </author> </Autoren>
<year> 1990 </year> <year> 1990 </year>
</publication> </pub>

Source A

Source B

Schema Data Duplicate
Mapping Transformation Detection

Data Fusion
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Information Integration

<pub> <pub>
<Titeb Federated Database <title~ Federated Databasc
Systems <Titeb Systems </title>
<Autorerr <Autorerr
<Autor AmitSheth</ Autopr <auth”r> AmitShethe/a. thor>
<Autor James Larson ¥utopr ~auch \r> James Larsor. </author>
</ Autorer» </ Autorer
</pub> </rub>
<ptib>
<publication> <title> -ederated Database Systems iu:
<title> Federated Database Managing Distributed,
Systems for Managing Heterogeneous, and Autonomous
Distributed, Heterogeneous, Natabases </title>
and Autonomous < Autorerr
Databases </title> <authc>Schetl& Larson </author>
<author>Schetl& Larson </author> </ Autorerr
<year> 1990 </year> <year> 1990 </year>
</publication> </pub>

Schema Data Duplicate

Mapping Transformation Detection Data Fusion
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Information Integration

<pub> <pub>
<Titeb Federated Database <title> Federated Database
Systems <Titeb Systems </title>
<Autorerr <Autorer
<Autor AmitSheth</ Autor <author> AmitSheth</author>
<Autor James Larson Hutopr <author> James Larson </author>
</ Autorer» </ Autorep
</pUb> </pUb>
<pub>
<publication> <title> Federated Database Systems for
<title> Federated Database Managing Distributed,
Systems for Managing Heterogeneous, and Autonomous
Distributed, Heterogeneous, Databases </title>
and Autonomous <Autorerr
Databases </title> <author>Schetl& Larson </author>
<author>Schetl& Larson </author> </ Autorerr
<year> 1990 </year> <year> 1990 </year>
</publication> </pub>

Schema Data Duplicate

Mapping Transformation Detection Data Fusion
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Information Integration
N

<pub> <pub>
<tity¢> Federated Database <ti*.e> Federated Database Systems \2r
Systems </title> Managing Distributed,
<Autorer» Heterogeneous, and
<autf.or>AmitSheth</. uthor> Autonomous Databases <".ue>
<auth,~r> James Lars un </author> <Autorer
</ Autorerr <autk ur> AmitSheths; . uthor>
</pub> autl or> James Larse 1 </author>
<pub> </ Autorery
<title~ rederated Database Systems fo <venr> 1990 <'year>
Managing Distributed, ’ </pub>
Heterogeneous, and Autonumous
Databases </title>
<Autorem
</ Atz
<yea.> 1990 - /year>

Source A

Source B

Preserve lineage

</pub>

Schema Data Duplicate Data Fusion

Mapping Transformation Detection
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Completeness, Conciseness, and Correct

Schema Matching:
Same attribute semantics

||

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Completeness, Conciseness, and Correct

——

Duplicate detection:
Same reaworld
entities

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Completeness, Conciseness, and Correct
B N IntensionatoncisenesSE———

’—M
(0p)
3 ( Data FusiorResolve
GC) uncertaintieand
D contradictions
o
5
O .
Ts{ Extensional
= conciseness
‘0
c
9
>
LL

—

Intensionatompleteness
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Schema Matching

Problem
Given two schemata, find all correspondences betwee

their attributes —

File Database Mappings Help
Blalm| #Aldr ] =@ EE 8l 2l #

Difficulties e

Source Schemas | Target Schema I company ¥ grant x project

=34 expenseDB: Record dEl}ﬁtttDBst A

Schematic heterogenei| “#5., | "&b |

..... ingha? ___' E nization: _
(synonyms & homonynmn| | . b&e "8 m——y
=] rant: Recor E@ Set of (funding)
. . . E‘E fundi.ng: Becord _
Data heterogeneity REcH ——
------ B recv (string)
. . 45 et of (fnancia)
n.l I l I I lapplngs i E?Eﬁnan.narl'.Record i
. . ig Z:iiu?tml(:;;mg? roject, amount,...
Transformation functior TR e
4§ name (string). L |=project
@ year faing

User interaction
Then: Derive a schema mapping
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Duplicate Detection
I
i Problem
A Given one or more data sets, find all sets of objects
that represent the same reabrld entity.
4 Difficulties
A Duplicates are not identical
A Similarity measuréslLevenshtein, Soundex, Jaccard, etc.

A Large volume, cannot compare all pairs
A Partitioning strategied® Sorted neighborhood, Blocking, etc.

CRM1 x CRM2
Partitioning

Similarity measure




|l ronically, oDuplicate D
e

_ Doubles
Household matching

Mixed and split citation problem Record linkage
Object identification

Deduplication Fuzzy match Object consolidation

Entity resolution : :
: Entity clustering
: : Approximate match
|dentity uncertainty
Reference reconciliatio

Duplicate detection

Merge/purge

Householding :
Reference matching

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann

Hardening soft databases




Data Fusion

Problem

Given a duplicate, create a single object representation
while resolving conflicting data values.

Difficulties
Null valuesSubsumptioand complementation
Contradictions in data values

Uncertainty & truth: Discover the true value and model
uncertainty in this process

Metadata: Preferencesgcency correctness
Lineage: Keep original values and their origin
Implementation in DBMS: SQL, extended SQL, UDFs, etc

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



The Field of Data Fusion

Data Fusion

Conflict typel Resolution strategie

N

Uncertainty Contradictio Joinbased

Operators @ Resolution functio

Uniorbased f Consistent answe io Advanced

functions

Ignorancej Avoidancel Resolutio

Instancéased | Metadata-based

Instancéased | Metadata-based

Data Fusion | VLDB 200rutoriall Luna Dong & Felix Naumann



Overview

Data fusion in the integration process

Foundations of data fusion
Conflict resolution strategies and functions
Conflict resolution operators

Advanced trutidiscovery technigues
Existing data fusion systems
Open problems

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Uncertainty and Contradiction

Uncertainty
NULL value vs. n&fULL value
OEasyo case

Contradiction
NonNULL value |
VS. (different) Uneer Uneer
nonrNULL value tainty | @i tainty

________________

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Semantics of NULL

ounknowno
There Is a value, but | do not know it.
E.g.: Unknown dat#-birth
onot applicabl ebo
There is no meaningful value.
E.g.: Spouse for singles
owi t hhhel do
There Is a value, but we are not authorized to see |it.
E.g.: Private phone line

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Classification obtrategies
I

conflict resolution

strategies
conflict conflict conflict
lgnorance avoidance resolution
PASS IT ON /\ /\
Instance metadata Instance metadata
based based based based

TAKE THE

TRUST YOUR
INFORMATION FRIEND /\
NO GOSSIPING

deciding mediating deciding mediating
CRY WITH THE MEETIN NOTHING IS OLDER
WOLVES THE MIDDLE THAN THE NEWS
ROLL THE DICE FROM YESTERDAY
Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Conflict Resolution Functions

Min, Max, Sum, CouAl/g
Random

Longest, Shortest
Choose(source)

ChooseDependifgal, co)

Vote

Coalesce
Group, Concat
MostRecent

MostAbstractMostSpecific
CommonAncestor

Escalate

é

Standard aggregation
Random choice
Longest/shortest value

Value from a particular source

NumChildren, Salary, Height
Shoe size
First_name

DoB(DMV), CEO (SEC)

Value depends on value chosen in othecity & zip, email & employer

column

Majority decision

First nomull value

Group or concatenate all values
Most recent (upp-date) value

Use a taxonomy / ontology

Export conflicting values

é

Rating
First_name
Book_reviews
Address

Location

gender

é



Classification ofunctions
T2 [ ——
conflict resolution

strategies
conflict conflict conflict
ignorance avoidance resolution
Escalate /\ /\
Instance metadata Instance metadata
based based based based
Coalesce ChCM /\
ChooseDepending
Concat deciding mediating deciding mediating
MIN, MAX AVG, SUM  MostRecentCOmmonAncesto
Random MostAbstract
Vote MostSpecific

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Data Fusion in MS Outlook 2007

Mehrfach vorhandener Kontakt
Der Mame oder die E-Mail-adresse dieses Kontakks ist bereits im Ordner 'Kontakke' vorhanden, Machten Sie:

() Meuen Kontakt hinzufligen

Position
Marina Muskermann CED Acme Corp, ratina@acre. cam

Worschau der akiualisierken Wisitenkarke: Anderungen am ausgewahlten Kontakt:
Mustermann. Marina Mame: Musktermann, Marina AR uriasansaa
x

i Position: CED
EEFSE Bl Firma: Acme Carporation Sese-Sese-

E-Mail: mmustermanni@yahon, com AstEcetheoom
s E-Mail 2: rarinai@acre, cam
+1493315505280 Geschaftlich Telefon geschaftiich:  +1493315509280 <o {BR o500 230
mmustermann@yahoo.com hafH. -
miaring @acme. com Fax gescha t.: +1_ (497 331 5509 287

K.onkakkbild: Keine Anderung
Mokizen: Keine Anderung

5kl:ualisieren| | Abbrechen
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Overview

Data fusion in the integration process

Foundations of data fusion
Conflict resolution strategies and functions
Conflict resolution operators

Advanced trutidiscovery technigues
Existing data fusion systems
Open problems

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Data Fusion Goals
o3 f

Source 4,B,C) | a,b,- a, b,-, - .
- - la, b,-,-| | = Identical tuples
Source 24,B,D) a, b, - a,b,- -
a, b, c a, b, c, -
- a, b c- | = Subsumed tuples
a1 b1 - a1 b’ Ty T
a, b, c a, b, c,- bod| =
- a, b, C, Complementing tuples
a, b, d a, b,-d P 9P
a, b, c a, b, c,-
- a, f(b,e), c,d| | = Conflicting tuples
a, e, d a, e-,d

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Relational Operatord Overview

|dentical tuples
UNION, OUTER UNION

Subsumed tuples (uncertainty)
MINIMUM UNION

Complementing tuples (uncertainty)
COMPLEMENT UNION, MERGE

Conflicting tuples (contradiction)
Rel ati onal approaches: Ma t

Other approaches
Possible worlds, probabilistic answers, consistent answers

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Minimum Union

Union: Eliminationa b c (+;
of exact duplicates®
Minimum Union:

Elimination of N
subsumed tuples

Outer union

Subsumption

Rewriting in SQlising DWH extensions

(Windows) and assuming existence of
favorable ordering [RPZ04]

m

Q 4

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann
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Full Disjunction

Represents all a b oyypab~r _ab
possible e f g e f h e
combinations of E L — . R
A\ q r
source tuples T
Full outer join on all common attributes «k q
All combinations for more than two sources
Minimum union over results o
Combines complementing tuples 5
(only intersource) f
Algorithms: [GL94,RU96,CS05] p

A X X 3 0 92

< 3

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann




Complement UnianProposal

AEbE BEE

A Elimination of a be @b _
complementing ¢ ' ¢ - ¢ "7
m n o m p 2

tuples
A Quter union

A Comp|ementation A tuple t1 complements a
tuple t2, if it has same

i No known SQL schema and coincides in all
- nonNULLEvalues.
rewrltlng

Includes duplicate

removal and
subsumption

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Merge and Prioritized Merge

40 R

4 Mixes Join and Union to a new operator [GPZ01]

/ |ldea: Build two versions for each common attribute, one
of avoringo S1, the other o0

A Nulls in a source are replaced using COALESCE.

A Fuses complementing tuples, but only forsotence
duplicates

A Priorizatiorpossible: Removes conflicting tuples from right
relation.

(SELECR.ACOALESCR.B, S.B), R.C, S.D
FROMRLEFT OUTER JOS\ON R.A= S.A)

UNION
( SELECS.A,COALESQE.B, R.B), R.C, S.D
FROMRRIGHT OUTER JOBON R.A= S.A)

Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Merge and Prioritized Merge

41
F isreal-world ID

AB/DJENAIBE C_ [DEEA B[C D]
a a b 7 a COALBb) c A a b c¢c 7
e | v e f h = e COALH g h = m
m m p ~ m COALQ,p o A n o
m m COALg,p A A m
q q r S A qg r s 7~

C

Als(p Al C  DJENAIBIC D]
a b c a b ~ a COALgb) c A —a—p—e—a
e f g v| e f h = e COAUN g h = —e—+—g—"h
m n o m p A m COALH,nN o A m p o A
m n A~ m COALp,n A~ A mp A A
g r s
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Match Join

e "

% Context: AURORA Project [YO99]

4 Handles columns individually using projections (with IDs)
4 Performs UNION on each column across all sources

i Reassembles using FULL OUTER JOINS

i Uses otcoolnefrlainctt query model
worlds.

WITHOU(A,B,C,DAS (
( SELECA, B, C, NULASD FROMU1 )
UNION
(SELECT, B, NULASC, DFROMU? )),
B_V (A,BAS( SELECT DISTINGTBFROMOU ),

C_V (A,CAS( SELECT DISTINETCFROMOU ),
D _V (A,DAS( SELECT DISTINETDFROMOU ),
SELECA, B, C, D
FROMB_VFULL OUTER JOIN VFULL OUTER JOIN V
ONB V.A=C_V.ANDC_V.A=D_V.A
Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann




Match Join

Conflicttolerant query model
Chooses tuples from resultvditchJoin

Three semantics
HighConfideng&kandomEvidendeossible AtAll

Resolution functions
SUM, AVG, MAX, MIN, ANY, DISCARD
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Grouping and Aggregation
N

A Outer union then group by rewalorid ID

i Aggregate all other columns using conflict resolvir
aggregate function

i Efficient implementations
i Catches inteland intrasource duplicates

i Restricted to builh |00 a0t iaen
aggregate-functions bl

UNION (ALL)
A MAX, MIN, AVG, (SELECA, B, NULASC, DFROMU2) ),
VAR, STDDEYV, SU
COUNT SELECTA, MAX(B), MIN(C),SUMD)

FROM OU
GROURYA
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FUSE BY
B

4 SQL extensions to resolve uncertainties and contradictions
[BNO5,BBB+05]
FUSE FROM implies OUTER UNION
~ Removes subsumed and duplicate tuples by default
i1 FUSE BY declares reabrid ID
i RESOLVE specifies conflict resolution function from catalog
A Default: COALESCE
Al mpl emented on top of relatio

p)

SELECTD,
RESOL\MEitle, Choose(IMDB)),
RESOL\Kear, Max) RESOL\PBirector),
RESOL\Rating)RESOLMEenre,Concal

FUSE FROMMDBFiImdienst
FUSE BYID)
ON ORDERYearDESC
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Summary of Operators

Duplicates | Subsumed | Complementing | Contradictions
tuples tuples

UnionOuter Unior

Minimum Unio \ V U U
Full Disjunctic V V V

(intersource)

Complement Unic Vv V Vv U

Merge \% V \% U
(intersource) (intersource)

MatchJoir V V V U

+ CTQM V

GroupBy \% V \% V

Fuse B\ \% V \% V
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FuSem

Tool to query and fuse data from diverse data sources
[BDNO7]

Based orHumMeproject BBB+0%.
http://www.hpi.unipotsdam.de/naumann/sites/fusem/
Explore data and find interesting subsets

Execute, explore and compare five different data fusion
semantics, specified in their respective syntax:

SQL (and extensionsfz == we
JJ|5I1 FBtunfnJuB|e\ JJ\IEDE"
such aSubsumptign [¢ i
Statistics
Representation identifying attributes
Merge o :
- 3
ddddddd (==7) v| [v] labels [#] gutlines [«| regions [¥] sizes [] points g
M atC hJ O I n Distribution of Real-World-0Objects describ| (¥
SSSSSS 5
2 V NAME |
' ( VARCHAR |
FuseB : 1
\‘ 2 Charly bl
#1 a . av
2 5 #2 '-,_‘ Statistics
ConQuer S 2
i i ' : -
1 ' S ' H -
' v S o lokiamd Toantac nicrined Bamicn | panian | Region [ Reg
; w0 S 4 ||| oviects| Tuptes|Distinet]  Region || Region | (SR LS
. o7 Il # | # | # |cCompleteness|Conciseness|
(Mean) | (
0.5 0.5
__________________ val per o
CCCCCCCCCCCCCCCCCCC (Mean)| Column Coherence (Median)
) . 0 MNAME
(| ———— = - e AGE
Data FUSIOn | VLDB 2009 TUtorI‘ Fuseby «Matchjoin_All, : Matchjoin_High OuterUnion_Fu =
. I~




What else Is there?

Consistent Query Answering
Avoid conflicts and report only certain tuples
Those that appear iavery repair [FFMO5]
OPossi ble worl dsoé mode

Build all possible solutions, annotated with likelihood
Yes/No/Maybe [DeM89]
Probability value [LSS94]

Probabilistic databases [SDO05]

Extend algebra to produce probabilities
Extend query language to query and export probabilities
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Overview

Data fusion in the integration process

Foundations of data fusion
Conflict resolution strategies and functions
Conflict resolution operators

Advanced trutidiscovery technigues
Existing data fusion systems
Open problems
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Outline

Data fusion in the integration process

Foundations of datbusion
Conflict resolution strategies and functions
Conflict resolution operators

j> Advancedruthdiscovery technigues
Data fusion in existing integration systems
Open problems
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Basic Strategies
s 4.

conflict resolution

strategies
conflict conflict conflict
lgnorance avoidance resolution
PASS IT ON /\ /\
Instance metadata Instance metadata
based based based based
TAKE THE
INFORMATION /\
NO GOSSIPING

mediating deciding mediating
MEET IN NOTHING IS OLDER
WOLVES THE MIDDLE THAN THE NEWS
ROLL THE DICE FROM YESTERDAY
Data Fusion | VLDB 2009 Tutorial | Luna Dong & Felix Naumann



Intuitions
e

i Data sources are of different
guality and we trust data from
accurate sources more
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Intuitions

Data sources are of different

quality and we trust data from %E’;'%E}fﬁ;ft%@s;;gmablemmmu'j

accurate sources more Bm
fVERYBO
MAKES PERFECT
NISTHKES }ﬂ—,))

“Come in Mr.Wilks."
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Basic Strategies
N S

conflict resolution

strategies
conflict conflict conflict
lgnorance avoidance resolution
PASS IT ON /\ /\
Instance metadata Instance metadata
based based based based

TAKE THE
TRUST YOUR
INFORMATION FRIEND /\
NO GOSSIPING

deciding mediating
CRY WITH THE MEETIN «Ng

WOLVES THE MIDDLE
ROLL THE DICE
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Intuitions

Data sources are of different

. © Original Artist
guality and we trust data from Reproductanrghts oainatl from
accurate sources more

The real world is dynamic and
true value often evolves over ti

E.g., person affiliation, business
contact phone

"Forty years out of toucl with civilization, but
with this $5000 worth of gold, we'll live like
kings for the rest of our fives."
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Intuitions

4 Data sources are of different
guality and we trust data from
accurate sources more

% The real world Is dynamic and t@@
7 /\ Y v

true value often evolves over tir ﬂﬁ@

E.g., person affiliation, business

contact phone :

» Data sources can copy from ea g,&D¥

other and errors can be Ty
propagated quickly
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Advanced Trutbiscovery Techniques
s 4.

i Data sources are of different Consider
quality and we trust data fro accuracy of
sources
accurate sources more

4 The real world is dynamic and the

true value often evolves over time Consider
freshness of

A E.g., person affiliation, busine sources
contact phone

4 Data sources can copy from each _
other and errors can be Consider
dependence

propagated quickly between sourcd
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Advanced Trutbiscovery Techniques

i Data sources are of different Consider
quality and we trust data fro accuracy of
sources
accurate sources more

A The real world is dynamic and the |
true value often evolves over timﬁ Consider

) L _ freshness of
A E.g., person affiliation, busine Sources
contact phone

A Data sources can copy from each |
Consider

other and errors can be ‘ dependence
propagated quickly between sources
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Trust Accurate Sources

Considering accuracy can often improve truth
discovery

Stonebraker MIT  Berkeley MIT

Dewitt MSR MSR UWisc
Bernstein MSR MSR MSR
Carey UCI AT&T BEA

Halevy Google Google Uw



Trust Accurate Sources
I S

4 Considering accuracy can often improve truth
discovery

TS s | s

Stonebraker MIT  Berkeley MIT

Dewitt MSR MSR UWisc
Bernstein MSR MSR MSR
Carey UCI AT&T BEA

Halevy

S1 is more accurate; trusting it more can heg
find the correct affiliation for Carey




Trust Accurate Sources
I S

4 Considering accuracy can often improve truth
discovery

TS s | s

Stonebraker MIT  Berkeley MIT

Dewitt MSR MSR UWisc
Bernstein MSR MSR MSR
Carey UCI AT&T BEA

Halevy

S1 is more accurate; trusting it more can heg
find the correct affiliation for Carey




Find Trustable Sources ()

i Deciding authority based on link analysis and
source popularity
Survey: oLink analysi s
experimentso [Borodi
PageRankBrinand Page, 98]
Authorityhub analysis [Kleinberg, 98]
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Find Trustable Sources (ll)

i Assign a global trust rating to each data source
based on its behavior in a P2P network

TrustM¢Singh and Liu, 03]
EigenTrugkamvaret al., 03]

A Peeri&j:
s, = sat(i, ) - unsat(i, j)
max( s, ,0)
S Cij -
a max(S;,0)

J

S0 tij = a CiCy
k
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Find Trustable Sources (ll1)

i Compute accuracy of sources

Corroborating answers from web sources [Wu
and Marian, 07]

TruthFinddYin et al., 07]
Solomon [Dong et al., 09a]
A(S) = Avg P(v)
vi V (S)
Vv (s) -values provided by S; P{p) of value v being true

How to compute P(v)?
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Apply Source Accuracy In Truth Discc
[Yin et al., 07] [Dong et al., 09a]

Input:
Object O
Dom(O)={y,v;, ev,}
Observation on O
Output: Pi{ true| )foreachi=0, é, n (s

According to th&ayesRule, we need to know
Pr( | vtrue)

Assuming independence of sources, we need to know
Pr( (S) |v.true)

If S provides/, : Pr( (S) |v.true)=A(S)
If S does not provide, : Pr( (S) |vtrue)=(1-A(S))/n
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Model and AlgorithniDong et al., 093]

I e
Properties

¢ Avalue provided by more accurate Source accuracyf
sources has a higher probability to
be true

¢ Assuming uniform accuracy, a value %
provided by more sources has a

higher probability to be true \

Value probability Source trustwort

4 Consider value similarit;\
C (V) =C(v)+r g C(v')Tsim(v,v") L Value confidence

V', v

¢ Continue until source accuracy converges



An Example

Stonebraker MIT Berkeley MIT

Dewitt MSR MSR UWisc

Bernstein MSR MSR MSR

Carey UCI AT&T BEA

Halevy Google Google Uw
Value Carey

Confidencg  ycC| AT&T BEA
Round .69 57 45 Round 1 1.61 1.61 1.61
Round 2 81 .63 41 Round 2 2.40 1.89 1.42
Round 3 .87 .65 40 Round 3 3.05 2.16 1.26
Round 4 .90 .64 .39 Round 4 3.51 2.23 1.19
Round 5 .93 .63 40 Round 5 3.86 2.20 1.18
Round .95 .62 40 Round 6 4.17 2.15 1.19
Round’ .96 .62 40 Round 7 4.47 2.11 1.20
Round 8 .97 .61 40 Round 8 4.76 2.09 1.20




Advanced Trutbiscovery Techniques

x Data sources are of different Consider
accuracy of

quality and we trust data fro =
sources
accurate sources more

A The real world is dynamic and the _
true value often evolves over time Consider
freshness of

A E.g., person affiliation, busine sources
contact phone

A Data sources can copy from each

Consider

other and errors can be ‘ dependence
propagated quickly between sources
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A Dynamic World

True values can evolve over time
A subtle third cas@utof-date

Stonebraker (03, MIT) (00, Berkeley)
Dewitt (09, MSR) (08, MSR)
Bernstein (00, MSR) (00, MSR)
Carey (09, UCI) (05, AT&T)

Halevy (07,Google) (05, Google)

(06, MIT)

(01, UWisg

(01, MSR)

(06, BEA)

(06, UW)



A Dynamic World

True values can evolve over time
A subtle third cas@utof-date

Lowquality data can be caused by different reasons

Stonebraker (03, MIT) (00, Berkeley) (01, Berkeley)
(. , Berkeley), (02M1T) OUTORDATE! (06, MIT)
Dewitt (00, UWisg (00, UW) (01, UWisg
(., UWisg, (08,MSR (09, MSR) (01, UWisg OUTORDATE!
(08, MSR)
Bernsteirg, , MSR (00, MSR) (00, MSR) (01, MSR)
Carey(, , Propel), (04, BEA) (05, AT&T) (06, BEA)
(02, BEA), (08UC) (09, UCI) OUTFORDATE!
Halevy (00, UW) (00, UWisg (01, UWisg
(., UW), (05,Google (07, Google) (02, UW) (06, UW)

(05, Google)



Refine Accuracy of Sources [Dong et al., 09b]

How many
transitions
are captured

How many
transitions are
notmiscaptured

How quickly
transitions are
captured
Accuracy
Miscapturable Miscapturable , Miscapturable Migcapturable
: I\{Ilsc:aptura e
UWisc Capturable Capturable Capturable " pgr Capturable
- _‘ . >
Dewitt ~ >000) 2008
uw N UWisc |
S © ® ® >
2003 2005 2007
Miscaptured Miscaptured Captured

Coverage = #Capturet## Capturable (e.g., ¥4=.25)
Exactness =-#MisCapture¥ MisCapturable (e.g., }2/5=.6)
Freshned3) = #(Captured w. lengtk D)/# Captured e . g . , F(O0) =0, F



Freshness Measures in Other Work

Other work on data freshness: Compare a
materialized view with the original source

 Peralta, Ph.D. Thesi soO
‘Guoet al., 05]: completeness, consistency, currency
Olstonand Widom, 05]. divergence

Labrinidisand Roussopould34]. QoXfreshness)
heodoratos anBouzeghoul®1]: consistency

Cho and Garciaviolina, 00]: freshness, age
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Discover Evolving True Values
I >

Decide the initial Terminate when no
value y more transition
o o o

Decide the next
transitiont(v)
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Discover Evolving True Values

Decide the initial
value y

Decide the initial valuaccording to th&ayesRule, we need
to know
Pr( (S)|v) for each valuey,
If S providesy; : E(S)C(S)
If S does not provide any value: E(S)(5))
If S provides another value:-E(S))/n

Pr( (S)|" )i the object does not exist initially

If S does not provide any value: E(S)
If S provides a value : {E(S))/(n+1)
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