
Data Consolidation
in Three Steps

Milano, May 9, 2008
Felix Naumann



The HPI – Hasso Plattner InstitutThe HPI – Hasso Plattner Institut

2
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

■ Summary■ Summary
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

■ Summary■ Summary
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Schema Mapping in Context

movieDB
studios

filmDB
regisseure

Schema Mapping in Context
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studios

studio
studio
directors

director
dirID
di

regisseur
personID
name
studio

filme
film dirname

producers
producer

prodID
name

film
regieID
filmID
produzent
titel

Value correspondences

Source Target l

Interpretation

Source 
schema

Target 
schema

Logical Mapping

Query

Materia-Virtual 

Q y
generation

Transformation query lized
target data

target data
(view definition)

Source data
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•ARTICLE
•artPK

•PUBLICATION
•pubID

•title
•pages

AUTHOR

p
•title
•date

th•AUTHOR
•artFK
•name

•author

name

SELECT artPK AS pubID UNION  SELECT null AS pubIDp
title AS title
null AS date
null AS author

p
null AS title
null AS date
name AS author

FROM   ARTICLE FROM   AUTHOR

Felix Naumann | Information Systems | Hasso Plattner Institut
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•ARTICLE
•artPK
•title

•PUBLICATION
•pubID
•title•title

•pages
•AUTHOR

•title
•date
•author

•artFK
•name

Further 
interpretations?

SELECT artPK AS pubID
title AS title
null AS datenull AS date
name AS author

FROM ARTICLE, AUTHOR
WHERE ARTICLE artPK = AUTHOR artFKWHERE ARTICLE.artPK = AUTHOR.artFK
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Schemata are

■ large

l

> 100 tables, many attributes

Deep Nesting
k■ complex

■ foreign

■ confusing

Foreign keys
XML Schema

■ confusing

■ different language

■ cryptic

Unknown synonyms

Unknown homonymsUnknown homonyms

|attribute name| ≤ 8
|table name| ≤ 8|table name| ≤ 8
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Schema Matching Classification [RB01]Schema Matching Classification [RB01]
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Schema Matching Approaches

Individual Approaches Combined Approaches

Schema-based Instance-based Hybrid Combined

Manual AutomaticLinguistic Constraint-
based

Linguistic Duplicate-
basedbased

Constraint-based

based

Felix Naumann | Information Systems | Hasso Plattner Institut
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Instance-based Schema MatchingInstance-based Schema Matching
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Instance-based Schema Matching:

■ Correspondences based on similar data ■ Correspondences based on similar data 
values or their properties

Conventional solution: Vertical

■ Comparison of columns

■ = Attribute classification

O  l ti  H i t lOur solution: Horizontal

■ Comparison of rows

■ = Duplicate detection (despite missing ■ = Duplicate detection (despite missing 
attribute correspondences)
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A B C D E

Max Michel m 601- 4839204 601- 4839204

Temporary 
matching

... ... ... ... ...

matching
A B‘ 
B F??

B‘ F E‘ G

Mi h l 601 4839204 UNIX

C E‘
D G
E

??

Michel maxm 601- 4839204 UNIX

... ... ... ...

E
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A B C D E

Max Michel m 601- 4839204 601- 4839204

Temporary 
matching

Sam Adams m 541- 8127100 541- 8121164

matching
A B‘ 
B F??? ?

B‘ F E‘ G

Mi h l 601 4839204 UNIX

C E‘
D G
E

??? ?

Michel maxm 601- 4839204 UNIX

Adams beer 541- 8127164 WinXP

E
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actor
`m´

firstname
lastname

actress

Schauspieler
Vorname
Nachname

m

`w´

actor= `m´

firstname
lastname

Geschlecht
w

actor
firstname
lastname

actress

Schauspieler
Vorname
Nachname

= m

actress
firstname
lastname

Geschlecht = `w´
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n:1 und 1:n matches

■ Many combinations

■ Many functions

First name concat()
Surname

n:1 Matching
Name

■ Many functions

■ Parsing

■ iMap First nameextract()
1:n Matching
Namep

Matching in complex schemata

■ Find mapping, not only 

First nameextract()
Surname

Name
extract()

correspondences

■ Unions and joins

Global Matching
First nameextract()
L t

Name
t t()

m:n matching

Titl
concat()

Global Matching

■ Match Table and Schema, not 
just Attributes A C1.0

Last nameextract()Title

A C

B D
0.81 0.54

0.27
Felix Naumann | Information Systems | Hasso Plattner Institut



OverviewOverview

25

■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

■ Summary■ Summary
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Duplicate DetectionDuplicate Detection
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Duplicate detection is the discovery of multiple representations of the 
same real-world object.

■ Problem 1: Representations are not identical.

□ Fuzzy duplicatesy p

■ Solution: Similarity measures

□ Value- and record-comparisons

D i d d t  d i i d d t□ Domain-dependent or domain-independent

■ Problem 2: Data sets are large.■ Problem 2: Data sets are large.

□ Quadratic complexity: Comparison of every pair of records.

■ Solution: Algorithms

□ E.g., avoid comparisons by partitioning.

Felix Naumann | Information Systems | Hasso Plattner Institut



Duplicate DetectionDuplicate Detection
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RR11
Duplicate

R1 × R2
Similarity measure

Al ithRR
?

AlgorithmRR22

Non-Non
duplicate
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MotivationMotivation

Customer Revenue28

■ Possible effects

□ Example: Portfolio Management Offers

C dit i  t d t t d

BMW 20.000

BaMoWe 5.000.000
□ Credit maximum not detected

□ Too low inventory levels

□ No quantity discount for multiple orders

Bayerische 
Motorenwerke

300.000

□ No quantity discount for multiple orders

□ Total revenue of preferred customers unknown

□ Multiple mailings of same catalog to same household

… …

■ General problems

□ Additional, unnecessary IT expenses

□ Low customer satisfaction

□ Potentials and dangers not detected

P  lit  fi i l d t□ Poor quality financial data

Felix Naumann | Information Systems | Hasso Plattner Institut



Ironically, “Duplicate Detection” 
has many Duplicateshas many Duplicates

Doubles
D li t d t tiH h ld t hi

29
Duplicate detection

Record linkage

Household matching

Mixed and split citation problem Record linkage

Object identification
Match

Deduplication Object consolidation

Entity resolution

Fuzzy match

Entity resolution
Entity clustering

Approximate match
Identity uncertainty

Reference reconciliation
Merge/purge

Hardening soft databases

Reference matching
Householding

Felix Naumann | Information Systems | Hasso Plattner Institut



Duplicate Detection – ResearchDuplicate Detection – Research
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Duplicate Detection

AlgorithmSimilarity measureIdentity Evaluation

Relational DWHXML Clustering / Partitioning Relation Precision/ Efficiency

Domain-
independent

Incremental/ 
Search

Domain-
dependent

Filters

g
Learning-ships Recall

independent Searchdependent

Edit-based Rules Data typesToken-based

Relationship-aware

Felix Naumann | Information Systems | Hasso Plattner Institut



Token-based Similarity MeasuresToken-based Similarity Measures
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■ Tokens

□ Words / Terms

□ n-grams□ n-grams

■ Jaccard

□ |{common tokens}| / |{all tokens}|

■ TFIDF [Cohen et al. 2003]

□ Term frequency: tf

Inverse document frequency: idf□ Inverse document frequency: idf

□ TFIDF: log (tf+1) x log (idf)

□ Common words have low weightg

□ Similarity measure: Cosine similarity of term vectors weighted 
by TFID

■ And many more ■ And many more 
[Koudas Srivastavasa 2005]
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Edit-based Similarity MeasuresEdit-based Similarity Measures
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■ Jaro [Jaro 1989] / Jaro-Winkler [Winkler 1999]

□ Common letters within ½ string length

T d l tt□ Transposed letters

■ Edit-distance / Levenshtein-distance [Levenshtein 1965]

□ Minimum number of edits from one word to the other□ Minimum number of edits from one word to the other

□ Domain-specific costing

□ Dynamic Programming

■ Soundex

□ 4-letter code for each word
Frass Fricke

□ SOUNDEX('Farwick ') = F620 

■ …

Frass, Fricke, 
Fahruschi, 
Feuerhake
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Domain-dependent Similarity MeasuresDomain-dependent Similarity Measures
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■ Data Types

□ Special similarity for dates

S i l i il it  f  i l tt ib t□ Special similarity for numerical attributes

□ ...

■ Rules ■ Rules 

□ [Hernandez Stolfo 1998], [Lee et al. 2000]

□ Given two records, r1 and r2.
IF  last name of r1 = last name of r2,
AND first names differ slightly,
AND address of r1 = address of r2AND address of r1 = address of r2
THEN r1 is equivalent to r2.

Felix Naumann | Information Systems | Hasso Plattner Institut



Relationship-aware Similarity MeasuresRelationship-aware Similarity Measures

■ Idea: Not only values of the records, but values of related records 34

ID Street

■ Idea: Not only values of the records, but values of related records 
are relevant for similarity.

□ Persons: spouse, children, employer

1 First Ave

2 High St.

3 B d

□ Movies: actors

□ CDs: songs

C t  d  dd 3 Broadway

4 Embarcad

5 Broadway

□ Customers: orders, addresses

□ Dimensions in a DWH
[Ananthakrishna et al. 2002] ID City Country 5 Broadway

6 Second S

7 P St.
ID Country

ID City Country

1 New York 1

2 Los Angeles 1

8 Pennsylva

9 Sunset B

10 S  M

ID Country

1 USA

2 United States

3 Now York 2

4 Los Angeles 2

k 10 Santa Mo

11 Ocean Av
3 Unitd States

5 New York 3

6 Los Angels 3
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Relationship-aware Similarity Measures 
– Evaluation– Evaluation

35

with actorswithout actors
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Partitioning / BlockingPartitioning / Blocking
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■ Partition the records (horizontally) and compare pairs of records 
only within a partition.

□ Partitioning by first two zip digits□ Partitioning by first two zip-digits

◊ Ca. 100 partitions in Germany
◊ Ca. 100 customers per partition
◊ => 495.000 comparisons

□ Partition by first letter of surname

□ …

■ Idea: Partition multiple times by different ■ Idea: Partition multiple times by different 
criteria.

□ Then apply transitive closure on discovered duplicates.Source: wikipedia.de
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Sorted Neighborhood
[Hernandez Stolfo 1998][Hernandez Stolfo 1998]

37
■ Idea

□ Sort tuples so that similar tuples are close to each other.
□ Only compare tuples within a small neighborhood (window).□ Only compare tuples within a small neighborhood (window).

1. Generate key
□ E.g.: SSN+“first 3 letters of name“ + ...

2 S  b  k2. Sort by key
□ Similar tuples end up close to each other.

3. Slide window over sorted tuplesp
□ Compare all pairs of tuples within window.

■ Problems
Ch i  f k□ Choice of key

□ Choice of window size
■ Complexity: At least 3 passes over datap y p

□ Sorting!
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

□ Data Conflicts□ Data Conflicts

□ Relational Operators

□ Conflict Resolution

□ Tools

■ Summary
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D  fliData conflicts

Two duplicates have different values
39

Two duplicates have different values
for semantically same attribute.

inter-source

ID A B C E
1
1

ID A B C D
1
2

intra-sourceintra-source
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Data FusionData Fusion
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amazon.comamazon.com

$3.98H. Melville0766607194

IDID max lengthmax length MINMIN CONCATCONCAT

 $5.99Moby DickHerman Melville0766607194

bn.combn.com
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Data conflicts – originsData conflicts – origins
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■ No integrity or consistency checks

■ Redundant schemata

T  t i i  i t l l ti■ Typos, transmission errors, incorrect calculations

■ Variants

□ Kantstr  / Kantstrasse / Kant Str  / Kant Strasse□ Kantstr. / Kantstrasse / Kant Str. / Kant Strasse

□ Kolmogorov / Kolmogoroff / Kolmogorow

■ Typical confusion (OCR)

□ U<->V, 0<->o, 1<->l, etc.

■ Obsolete values

□ Different update frequencies, forgotten update

Within information system
Felix Naumann | Information Systems | Hasso Plattner Institut



Data conflicts – originsData conflicts – origins
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■ Locally consistent but globally inconsistent

■ Duplicates

Diff t d t  t■ Different data types

■ Local spelling variations and conventions

Across information systems

Felix Naumann | Information Systems | Hasso Plattner Institut



Examples for errorsExamples for errors
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■ Addresses

□ Str. → Straße, Ch. → Chaussee, etc.

R B it h id St  72  R d lf B it h id St  72A□ R.-Breitscheid-Str. 72 a → Rudolf-Breitscheid.-Str. 72A

□ 128 spellings for Frankfurt am Main

◊ Frankfurt a M  Frankfurt/M Frankfurt  Frankfurt a  Main  ◊ Frankfurt a.M., Frankfurt/M Frankfurt, Frankfurt a. Main, …

■ Names

□ Dr. Ing. h.c. F. Porsche AG

□ Hewlett-Packard Development Company, L.P.

■ Numerical data

□ 10.000 € = 10T EURO = 10k EUR = 10.000,00€ = 10,000.- €

■ Phone numbers

Bi th d t■ Birth dates

Felix Naumann | ICT Modena | March 2008



Numerical data - consequencesNumerical data - consequences
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Numerical data - consequencesNumerical data - consequences
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Data conflict – eliminationData conflict – elimination
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■ Error correction

□ Reference tables

◊ Citi  t i  d t◊ Cities, countries, products ...

□ Similarity measures

◊ For typos◊ o typos
◊ For language-specific variants (Meier, Mayer,...)

□ Standardization and Transformation

□ Domain-knowledge (meta data)

◊ Konventions (country/region-specific spelling)
◊ Ontologies◊ Ontologies
◊ Thesauri, dictionaries for homonyms, synonyms, ...

■ And data fusion…

Felix Naumann | Information Systems | Hasso Plattner Institut



Completeness and ConcisenessCompleteness and Conciseness
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Source 1

Intensional completeness
ss Duplicate 

Source 1
p
le

te
n
es Duplicate 

Detection

n
al

 c
o
m

p

Common
objects

Conflicts!

xt
en

si
o
n

E
x

Common
attributes

Schema MatchingD t  F i

Source 2
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

□ Data Conflicts□ Data Conflicts

□ Relational Operators

□ Conflict Resolution

□ Tools

■ Summary
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“Proper” Data FusionProper  Data Fusion
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a, b, c
 a, b, c, d

Source 1(A,B,C) 

a, b, dSource 2(A,B,D) 
a, b, c, -

a, b, -, d
 Complement.

tuplesa, b, d( ) a, b, , d

a, b, -
 a, b, -, -

a, b, -, -
 Identical tuplesa, b, , 

a, b, - a, b, -, -

a, b, c a, b, c, -

p

S b d l

b b

, ,
 a, b, c, -

a, b, -

, , ,

a, b, -, -
 Subsumed tuples

a, b, c
 a, f( b,e), c, d

a, e, d

a, b, c, -

a, e, -, d
 Conflicting tuples
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Relational object integrationRelational object integration

50

Union

Elimination of exact duplicates

Mi i  U i



Minimum Union, [GL94]

Elimination  of subsumed tuples

But

No duplicate integration
Conflict resolution



Later: Join, Merge, Group, …
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Minimum Union – Outer UnionMinimum Union – Outer Union

51

■ Outer Union pads relations with NULL-
values, to unify schemata.

A B C

R

B D

S

■ Then normal UNION.
P 1 2

P 2 1

Q 1 2

2 U

3 V

■ Usually not implemented in SQL
Q 1 2

A B C D

P 1 2 

P 2 1 

Q 1 2 

 2  U
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Minimum Union –
Subsumption RSubsumption

52

p_id fname lname age

1 Peter Müller 32

R

■ A tuple t1 subsumes a tuple 
t2, if 

- Has same schema,

1 Peter Müller 

1 Peter  

1 Peter  32,
- t2 has more NULL-values 

than t1,
t = t for all non NULL

1 Peter  32

1 Peter  42

2 Wiebke  2
- t1 = t2 for all non-NULL-

values of t2.
2  Meyer 2

How many tuples does R have?
■ Notation:

□ R returns those tuples 
of R, that are not p id fname lname age

R

subsumed by any other 
tuple in R.

p_id fname lname age

1 Peter Müller 32

1 Peter  42
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Minimum Union – NULL-valuesMinimum Union – NULL-values
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Semantics of NULL? [GUW02]

■ "unknown"■ unknown
□ There is a value, but I do not know it.
□ E.g.: Unknown birthday

■ "inapplicable"
□ There is no meaningful value
□ E g : partner for singles□ E.g.: partner for singles

■ "withheld"
□ There is a value, but we are not authorized to see it.
□ E.g.: Private phone
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Mi i  U i  NULL lMinimum Union – NULL-values

"Value not supplied"54

"Value does not exist"

"V l  d fi d"

a u o upp d

C J  Date

"Value undefined"

C.J. Date:
- "Into the Unknown"
- "Much Ado About Nothing"
- "NOT Is Not Not!"

„Distinguished" NULL

NOT Is Not Not!
- "Oh No Not Nulls Again"
-…"Total ignorance" NULL

From now on: "Unknown"From now on: Unknown
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Merge and Prioritized MergeMerge and Prioritized Merge
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Mixes Join and Union to a new operator

Merge (⊠), [GPZ01]

■ Mixes Join and Union to a new operator

□ Fuses complementary tuples (only from different sources)

■ COALESCE removes NULL values■ COALESCE removes NULL values

■ Priorization possible ( )

■ Can be expressed with standard SQL

( SELECT K.p_id, K.fname, Coalesce(K.lname, C.lname), Coalesce(K.age, C.age)

FROM K LEFT OUTER JOIN C ON K.p_id = C.p_id )

UNION

( SELECT C.p_id, K.fname, Coalesce(C.lname, K.lname), Coalesce(C.age, K.age)

FROM K RIGHT OUTER JOIN C ON K p id = C p id )FROM K RIGHT OUTER JOIN C ON K.p_id = C.p_id )
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Merge – exampleMerge – example

Kunde K Customer C56

p_id fname lname age

1 Peter Müller 32

p_id lname age

1  32

2 Franz Schmidt 55

3 Wiebke Meyer 

4 Klaus Lehmann 28

2 Schmidt 

3 Meier 56

5 Weger 47g

id f l

C K
p_id fname lname age

1 Peter Müller 32

2 Franz Schmidt 55

3 Wiebke Meier 56

3 Wiebke Meyer 56

4 Klaus Lehmann 284 Klaus Lehmann 28

5  Weger 47
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What else is there?What else is there?
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Match Join [YaÖz99]

■ Complex operator

Hi hC fid  R d E id  d P ibl AtAll■ HighConfidence, RandomEvidence, and PossibleAtAll

ConQuer [FuFM05]

■ „Consistent Query Answering“

■ Rewriting of SQL queries

Burdick et. al. [BDJR05]

■ Uncertainty in Data Warehouses

■ „Possible Worlds“

Probabilistic Models [Mich89]Probabilistic Models [Mich89]

■ Extending schema by probabilities
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Grouping for IntegrationGrouping for Integration
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32

age

MüllP t1

lnamefnamep_id p_id fname lname age

55

55

32

MeyerWiebke3

SchmidtFranz2

MüllerPeter1 1 Peter Müller 32

2 Franz Schmidt 55

3 Wiebke Meier 56

56Meier3

Schmidt2

32Müller1

SELECT p_id, MAXLEN(fname), CHOOSE(lname,C), MAX(age) 
FROM 
GROUP BY p_id

C is favored Highest Longest
source valueString
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Grouping – exampleGrouping – example
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SELECT books.isbn,
MAXLEN(books.title),
MIN(books.price)

FROM (
SELECT * FROM books1

GROUP
+

UNION
SELECT * FROM books2

)

aggregates

)
AS books

GROUP BY 
books isbn


books.isbn

books1 books2

Felix Naumann | Information Systems | Hasso Plattner Institut



Grouping – Pros and ConsGrouping – Pros and Cons
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Pros

■ Efficient

I l t d b  ti



□ Implemented by sorting

■ Catches duplicates within source and across sources

■ Simple / short■ Simple / short

Cons

□ Restricted to built-in standard aggregate-functions:


◊ MAX, MIN, AVG, VAR, STDDEV, SUM, COUNT

□ Grouping only by equality

◊ ID attribute is necessary

□ Outer Union usually not implemented
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FUSE BY Syntax DiagramFUSE BY Syntax Diagram

61
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Fuse By – QueriesFuse By – Queries

62

SELECT *
FUSE FROM Q1
FUSE BY (Name)

SELECT *
FUSE FROM Q1
FUSE BY ()

SELECT *
FUSE FROM Q1, Q2
FUSE BY ()FUSE BY (Name)

Grouping with 

FUSE BY () FUSE BY ()

Minimum 
coalesce 
aggregation

Subsumption Union

SELECT Name, RESOLVE(Age, max), RESOLVE(Student, 
vote), RESOLVE(Place), RESOLVE(Phone)

FUSE FROM Q1 Q2FUSE FROM Q1, Q2
FUSE BY (Name) ON ORDER Q2.Age DESC
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FUSE BY – ExampleFUSE BY – Example

Name Age Student Place Name Age Student Phone63

Felix  No Hamburg

Melanie 22 Yes 

Melanie  Yes 030/12345

Jens 27  030/54321

Jens  Yes Karlsruhe

Christoph 25 Yes Berlin

Sven 26 Yes Berlin

Christoph 24 Yes 

Melanie 21 No 030/98765

Karsten 24 Yes 

Sven  Yes Berlin

Name Age Student Place Phone

Karsten 24 Yes 

SELECT Name g

Felix  No Hamburg 

Melanie 22 Yes  030/98765

SELECT Name,
RESOLVE(Age,max),
RESOLVE(Student,vote),    
RESOLVE(Place), Melanie 22 Yes  030/98765

Jens 27 Yes Karlsruhe 030/54321

Christoph 25 Yes Berlin 

Sven 26 Yes Berlin 

RESOLVE(Place),
RESOLVE(Phone)
FUSE FROM Q1, Q2
FUSE BY (Name) Sven 26 Yes Berlin 

Karsten 24 Yes  

( )
ON ORDER Q2.Alter DESC
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Query Optimization with FusionQuery Optimization with Fusion
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(name) (name)

(salary > 1000) FUSE

FUSE (salary > 1000)
(salary > 1000)...

emp_1 emp_n... emp_1 emp_n...

Correctness?
Completeness?
Efficiency?
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OverviewOverview
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

□ Data Conflicts□ Data Conflicts

□ Relational Operators

□ Conflict Resolution

□ Tools

■ Summary
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Classification of strategiesClassification of strategies

conflict resolution
66

conflict resolution
strategies

conflict
ignorance

conflict
avoidance

conflict
resolution

instance
based

instance
based

metadata
based

metadata
based

deciding mediating deciding mediatingdeciding mediating deciding mediating

EachEach withwith severalseveralEachEach withwith severalseveral
implementationsimplementations
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Conflict Resolution FunctionsConflict Resolution Functions

Min  Ma  S m  Standa d agg egation
67

Min, Max, Sum, 

Count, Avg, StdDev

Standard aggregation

Random Random choice

First, Last Choose first/last value; depends on order

Longest, Shortest Choose longest/shortest value

Choose(source) Choose value froma particular source

ChooseDepending(col, val) Choose depending on val in other column col

V t M j it d i iVote Majority decision

Coalesce Choose first non-null value

Group, Concat Group or concatenate all valuesGroup, Concat Group or concatenate all values

MostRecent Choose most recent (up-to-date) value

MostAbstract, MostSpecific Use a taxonomy / ontology

…. ….
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OverviewOverview
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

□ Data Conflicts□ Data Conflicts

□ Relational Operators

□ Conflict Resolution

□ Tools

■ Summary

Felix Naumann | Information Systems | Hasso Plattner Institut



Visualization of Integrated DataVisualization of Integrated Data
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Bachelorprojekt Fuz!on“Bachelorprojekt „Fuz!on
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Bachelorprojekt Fuz!on“Bachelorprojekt „Fuz!on
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Bachelorprojekt Fuz!on“Bachelorprojekt „Fuz!on
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Tool: fusemTool: fusem

73
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Visualizing semantics and conflictsVisualizing semantics and conflicts
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OverviewOverview
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■ Introductory example

■ Step 1: Schema Matching

St  2  D li t  d t ti■ Step 2: Duplicate detection

■ Step 3: Data fusion

□ Data Conflicts□ Data Conflicts

□ Relational Operators

□ Conflict Resolution

□ Tools

■ Summary
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SummarySummary
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■ Step 1: Schema Matching

□ Similarity Measure

C bi ti f th d□ Combination of methods

■ Step 2: Duplicate Detection

□ Similarity Measure□ Similarity Measure

□ Algorithm

□ Data Model

■ Step 3: Data Fusion

□ Relational Operators

□ Conflict Resolution

□ Visualization of Semantics and Overlap
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VIQTOR: Quality AnnotationsVIQTOR: Quality Annotations
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PDMS: Incomplete and Selective 
MappingsMappings

Problem:81

Peer 3 (KFZTeile)Peer 1 (ATU)
Part Make

query Problem: 
Cumulated selections
• implicit in schemata
• explicit in mappingsPart Descr Make • explicit in mappings
• Point selections and 
range selections

= Ford“

Part Descr. Make

Peer 2 (Ford)
Peer 4 (Opel)

Part Descr. Make

= „Ford

Part Descr. Make
Part Descr. Make

Problem:= „Ford“

Peer 3 (AutoParts)
Part Descr. Make

Problem: 
Cumulated projections
• in schemata

i iO l“ • in mappings= „Opel“
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