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The HPI - Hasso Plattner Institut Institut

m Founded in 1998 as a Public Private Partnership
m Hasso Plattner, co-founder of SAP, endowed over € 200 Mio.
m Adjoined with the University of Potsdam
o Capital of Brandenburg, bordering Berlin
m 450 students - Bachelor, Master, and PhD
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“Data Fusion in Three Steps” ﬂ?‘%ﬁiﬁer
DE Bulletin, 2006 Institut
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“Data Fusion” ﬂ Hasso
ACM Computing Survey, 2008

Institut
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# m Introductory example

m Step 1: Schema level integration
o Schema Mapping
o Schema Matching
m Step 2: Data level integration
o Duplicate detection
o Data fusion
m From above: ETL management

Felix Naumann | Information Systems | Hasso Plattner Institut
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<pub>
<Titel> Federated Database
Systems </Titel>
We_b <Autoren>
Service <Autor> Amit Sheth </Autor>
A <Autor> James Larson </Autor>
</Autoren>
</pub>

<publication>
Web <title> Federated Database
. Systems for Managing
Service Distributed, Heterogeneous,
» and Autonomous
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<auth> Scheth & Larson </auth>

<year> 1990 </year>
</publication>
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Systems </Titel>

<Autoren>
<! uior> James Larsorf </A
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(<Titel>)</Titel>
<AUlaren>

AY Or>
or>
</Autoren>
</pub> Pt
<publication> N
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Databasge </tisfe>
S rson </auth>
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Schema Integration ]

i Schema Mapping ]

Integration ﬁentification‘// Fusion /)ptimizatio%/isualizatio/
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10 ( Schema Integration 1
Schema Mapping J
Federated Databa reuerated Database
Web Systems Systems
Service Amit Sheth Amit Sheth
A James Larson James Larson
Federated Database Systems for
Web Federated Database Managing Distributed,
. Systems for Managing Heterogeneous, and Autonomous
Service Distributed, Heterogeneous, Databases
» and Autonomous
Databases Scheth & Larson
Scheth & Larson
1990 1990
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<pub>
<Titel> Federated Database
Systems </Titel>
We.b <Autoren>
Service <Autor> Amit Sheth </Autor>
A <Autor> James Larson </Autor>
</Autoren>
</pub>

<publication>
Web <title> Federated Database
. Systems for Managing
Service Distributed, Heterogeneous,
5 and Autonomous
Databases </title>

<auth> Scheth & Larson </auth>

<year> 1990 </year>
</publication>

ederated Database Systems 10
Managing Distributed,

Heterogeneous, and Autonomous
atabases </Titel>

cheth & Larson ¥/Autor>
</Autoren>

<year> 1990 </year>
</pub>

/Integration / Identification / Fusion /)ptimizatio///isualizatio/
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A James Larson

Federated Database Systems for
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Federated Database Federated Database Systems for
Web Systems Managing Distributed,
' Heterogeneous, and
Service Amit Sheth Autonomous Databases

A

James Larson
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Federated Database
Systems

Amit Sheth
James Larson

Federated Database Systems for
Managing Distributed,
Heterogeneous, and Autonomous
Databases

Scheth & Larson

1990

Federated Database Systems for
Managing Distributed,
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m Introductory example

q m Schema level integration
o Schema Mapping
o Schema Matching
m Data level integration
o Duplicate detection
o Data fusion
m ETL management
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Schema Mapping

Source data

Transformation query>

f”mDB' movieDB
regrlzziesusreeur Studio;
) person|D Stsltjli;?o
ntarg'e =>t directors
fil S director
| rT;i(-ljm — dirlD
regielD Value correspondences > ] dirname
filmID proplrjc():((jelrjscer
e rodiD
=)  name
Interpretation
Source Logical Mapping > Target
schema schema
1 Query
generation
~ T~ - -~
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| Virtual |
| target data
view definition)
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i

™ EE—

«ARTICLE <PUBLICATION
eartPK > epublD
title > etitle
epages edate

«AUTHOR eauthor

eartFK ’///,/”/’
ename

| Felix Naumann | Information Systems | Hasso Plattner Institut
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i

—

«ARTICLE «PUBLICATION
—> eartPK > epublD
otitle > etitle
*pages edate

«AUTHOR author
ename
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SChemata are F

m large

m complex
m foreign—

m confusing
m different language
m cryptic

Felix Naumann | Information Systems | Hasso Plattner Institut



File Schemas Mappings Help

[ e ER T N =&

@ Source | § Target | ﬁ Schema View | éé% Query

Source schemas

= evidences: Record

=8 Set [1.%]

=+ Choice
=2- evidence: Record (svidenceTyps)
. ..... @ id (I0)

b @) catagory (MMTOREN)
@ type [NMTOKENJ
..... @ date (dater---- L
@ imitials (sting) 7
= set [1*]
fo B attribute (string)
[=)-{m} internal: Record
EI suggestedEntryMName: Record
b @ mame (sting)
El proposedEntryMame: Record
b @ mame (3ting)
= patternMatches: Record
= match: Record
@ b (ing)
@ From (int)
@ e (oo
e @ date (date}gﬁ"g'%'-'.-
= monStandardSource: Record
=<8 Choice
E| submisison: Record
I @ dsNumber (sting)
B sequencing Cstring)
PIR: Record
@ zcoc (sting)
----- @ id (string)
journalScan: Record
..... @ o= (string)
L @ pid (sting)
=~ comments: Record
= g Set [1.*]
----- B comment (sting)
= FfirstCurated: Record
oo @ imitials (strin%'.,f"-

i | TN N - PP el

|

Target Schema

{'_'I ﬁ genbank_db: Record
':I = @ Set [1.%]

’ =-$n} genbank: Record

----- B locus rating)
A B size (string
= Becurd ?

L B malecule tstrng
----- B division (string)
i B date fstring)
----- B definition (string)
----- E ACCESSIon (string)
----- E wversion (strng)
..... E gi (string)
----- B keywords Gingl 7
|:| Record 7
: te B segment (string)
=-{w} source: Record
----- E COMMOon (sthng)
o B baxon (sting)
- B taxon_lineage (ing)
=-£ Set [0*] ?
= reference: Record
=5 set [1%]
=<5 Choice
-~ B authars fstring)
o B title (atring)
----- B journal taing)
----- B remark tzwing
----- B medine isting
- B pubmed (string)
----- @ id [string)
----- @ locationm (stingl 7
----- B comment (ting 7
=}~ Feature_table: Record
= set [1L¥]
=--{m} Feature: Record
- B location ating)

EI g Set [0*] 7

B Aual ferdes

|
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Ho File
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Instance-based Schema Matching:

m Correspondences based on similar data
values or their properties

Conventional solution: Vertical
m Comparison of columns

m = Attribute classification

Our solution: Horizontal

m Comparison of rows

m = Duplicate detection (despite missing
attribute correspondences)

Felix Naumann | Information Systems | Hasso Plattner Institut
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DUMAS Matcher

"‘1‘?"""’1“?""""‘?
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Max | Michel 601- 4839204 | 601- 4839204
' .
Michel | maxm 601- 4839204 | UNIX

Temporary
matching

-
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A B clo R Temporary
Max | Michel m | 601- 4839204 | 601- 4839204 matching
Sam | Adams m | 541- 8127100 | 541- 8121164 |

o
?2 |7 ? '
Michel | maxm 601- 4839204 | UNIX E
Adams | beer 541- 8127164 | WinXP
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27

! m n:1 und 1:n matches n:1 Matching
o Many combinations _
o Many functions
o Parsing 1:n Matching

m Matching in complex
{ schemata

o Find mapping, not only
{ correspondences  qn matching

o jOinS —

m Tooling: User in the loop!

Felix Naumann | Information Systems | Hasso Plattner Institut
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m Introductory example

m Schema level integration
o Schema Mapping
o Schema Matching

m Data level integration
o Duplicate detection
o Data fusion

m ETL management
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29

Duplicate detection is the discovery of multiple representations of the
same real-world object.

m Problem 1: Representations are not identical.
o Fuzzy duplicates

m Solution: Similarity measures
o Value- and record-comparisons
o Domain-dependent or domain-independent

m Problem 2: Data sets are large.

o Quadratic complexity: Comparison of every pair of records.
m Solution: Algorithms

o E.g., avoid comparisons by partitioning.



Duplicate Detection

30

R %R,

Similarity measure
Algorithm

Felix Naumann | Information Systems | Hasso Plattner Institut
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Motivation
Customer Revenue
m Possible effects BMW 20.000
o Example: Portfolio Management Offers BaMoWe 5.000.000
o Credit maximum not detected Bayerische 300.000
o Too low inventory levels Motorenwerke

O

O

O

No quantity discount for multiple orders
Total revenue of preferred customers unknown
Multiple mailings of same catalog to same household

m General problems

O

O

O

O

Additional, unnecessary IT expenses
Low customer satisfaction
Potentials and dangers not detected

Poor quality financial data
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Ironically, “Duplicate Detection” ﬂ?ﬁiﬁﬁer
H has many Duplicates Institut

i

!

1
$
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"
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**" m Idea: Not only values of the records, but values of related records

are relevant for similarity.

0 Persons: spouse, children, employer ID | Street
o Movies: actors 1 | First Ave
o CDs: songs 2 | High St.
0 Customers: orders, addresses 3 | Broadwa
o Dimensions in a DWH 4 | Embarca
[Ananthakrishna et al. 2002] | 1p City Country 5 | Broadwa'

1 New York 1 6 | Second <

2 Los Angeles | 1 7 | P St.
ID | Country

3 Now York 2 8 | Pennsylv
1 USA

4 Los Angeles | 2 9 |SunsetB
2 United States

5 New York 3 « 10 | Santa Mc
3 | Unitd States <

6 Los Angels |3 11 | Ocean Ax
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Relationship-aware Similarity Measures

— Evaluation

100%

90%
80%
70%
60%
50%
40% -
30%
20%
10%

0%

| | ] |

precision

|

0%

I 1 | 1 |

10% 20% 30% 40% 50% 60% 70% 80% 90%

recall

I I |

T

100
%

without actors

with actors
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Iterative RADD
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Top-down Bottom-up From-the-middle

[SIGMOD'05] [EDBT'06] [ICDE'06]
Effectivenessi% Effectiveness W Effectiveness W
Efficiency W Efficiency ** Efficiency *

Further techniques: Object filter; Edit distance filter; Transitivity




Scala_bility of the generalized w EE?ESE
algorithm

37 AScalability

— —Retrieve Retrieve |
(a1, al') > (a1,a1") (al, al’) ‘—ﬁat al’)

I !CIassify L Lin-mem. buffer \ !Classify
‘ : k 1,m1‘)<}A (a1,a1)
&~ 7 NUpdate dyplicates - Update duplicates
in-database P n daltatabase
PQ Q

~
~

(m1, ml) < (al,al")
: Updat '
in-memory pdate duplicates

PQ

Retrieve
w12 [T tenat)
~ ‘ !CIassify

Efficiency
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Scalability — Comparison
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Approach # candidates Connectivity Classif. Time (s)
Singla [27] 1,295 n.a. n.a.
Dong05 [12] 40,516 13.4 n.a.
RC-ER [2] 45,000/65,000 1.9/5.3 100/ 890
RC-ER [4] 97,270 1.9 543 - 690
RelDC [19] 75,000 low - high 180 - 13,000
LinkClus [31] 100,000 10 900
RECUS/BUFF 1,000,000 1.7 24,433 (7h)

150

=DDG

Felix Naumann | Information Systems | Hasso

Parallelization increases
performance:

125 1 ==PDDG(1,1) .ceoooooe

100 +===PDDG

(
===PDDG(1,30)
(
=== PDDG(10,30)

runtime (s)

101) oo

priority queue size (1000)



o | o B
- Partitioning / Blocking Institut

39l

m Partition the records (horizontally) and compare pairs of records
only within a partition.

o Partitioning by first two zip-digits
o or partition by first letter of surname
O or ..

m Idea: Partition multiple times by different
criteria.

Source: wikipedia.de

o Then apply transitive closure on discovered duplicates.

Felix Naumann | Information Systems | Hasso Plattner Institut



Sorted Neighborhood ﬂ oo
[Hernandez Stolfo 1998] Institut

40
m Idea

o Sort tuples so that similar tuples are close to each other.
o Only compare tuples within a small neighborhood (window).
1. Generate key
o E.g.: SSN+"first 3 letters of name™ + ...
2. Sort by key
o Similar tuples end up close to each other.
3. Slide window over sorted tuples
0 Compare all pairs of tuples within window.
m Problems
o Choice of key
o Choice of window size
m Complexity: At least 3 passes over data
o Sorting!
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Hasso
. Plattner
Current Work on Algorithms w Institut

m Dynamic window size adaption for sorted neighborhoods
m Parallelization of duplicate detection

m Scalability of duplicate detection
m Generalization of blocking and sorted neighborhood algorithms

2/3/4|5|6|7|8|9(10{11{12|13]|14({15(16(17(18]19|20 112)3/4|5/6|7|8|910[11(12(13(14{15]|16|17|18(19|20

X X

Ble|m (s |n|an|n|2 |50 ®N|olus win
>
=
Slo|m | |m|e|w|n|S|o|e | ®Ne|us wn-
s
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m Introductory example

m Schema level integration
o Schema Mapping
o Schema Matching

m Data level integration
o Duplicate detection

q 0 Data fusion

m ETL management

0 \\/
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Data Fusion

dmazon.com ] \

0766607194 | H. Melville

e e
ID max IeEgth @CONCAT
v v

0766607194 | Herman Melville Moby Dick |$5.99 g

43

$3.98

bn.com

Felix Naumann | Information Systems | Hasso Plattner Institut




“Proper” Data Fusion

44

a,b,c,d

=

Source 1(A,B,C) —»| a, b, c a,b,c,-
Source 2(A,B,D) —» a, b, d a, b, -d
a, b, - a,b,- -
a’ b’ -7 =
aa ba - a, b, Ty T
a,b,c a,b,c, -
a, b, c, -
aa ba - a, b, Ty T
a,b,c a,b,c,-
a, f(b,e), c, d
a, e d a, e, - d

Felix Naumann | Information Systems | Hasso Plattner Institut
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Complement.
tuples

mm) Subsumed tuples

m) Conflicting tuples
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Conflict Resolution Functions
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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

Vote

Majority decision

Coalesce

Choose first non-null value

Group, Concat

Group or concatenate all values

MostRecent

Choose most recent (up-to-date) value

MostAbstract, MostSpecific

Use a taxonomy / ontology
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~ Visualization of Integrated Data

B

T HumMer-Demo
46 l .
‘ File Extra Help

) 0. Sources Result
& Matc_hmg __|Choose the fusion implementation to use|:|v Execute
2. Duplicate Definition| .

3. Duplicate Detection

next

% back

‘ 4, Conflict
] 5. Result

TITLE

VERSI...|COUN...
COALESCE| COALES..

YEAR | ORIGI...
COALES...

GENRE DIREC.

COALES.

| »

4]

L]

) q Il
‘ Rows: 0:99

. Duplicate Contradiction Uncertainty Unique
o ) I I [

Start Over

Done Back

Feliy Next
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=0l =
Additional Information  Tesk/Debug
Autamatische Fusion Regelbasierte Fusion Manuelle Fusion
Gruppen 0 bis 50 von 39449 Alle Gruppen LI [+ Filtermodus CITY LI Werk: Berlin Filker |
fdb.gr... | TITLE |SALUT...|FIRST... |LASTHM...| COMP... | COUN... | STREET | STREE... ZIF CITY ADR1 ADRZ ADRS ADR4 ADRS
1253 Frauu... Koste... |Daimle... | D alk-Mo... [ 96 & 10552 | Berlin Frau u... | Kosten, .. | Daimle. .. | Alk-Ma, .. :I
1333 Herr Markus | Bauer [ HPC ... 10873  |Berlin Herr Marku... |HPCY... L-10...
1782 Herr Frank. Leusr... 1] arenh. .. 12103 Berlin Herr Frank ... | &renh... 0-1z2... J
1874 Maonsieur |Frank, Eichler D Falken... |784 13589 Berlin Monsieur |Frank. ... |Falken... - 13...
2159 Herr Horst: Fucks & Massa. .. 10717 |Berlin Herr Horsk ... | Massa... D-10...
2196 Dr. Frau Christa | Schan... i Uhlan... (121 10717 |Berlin Frau Dr. Ch... |Uklan... D-10...
2217 Dr. Familie Hafma... i Hede... |13 10969 [ Berlin Familie |Dr. H... |Hede... D-10...
2495 Frau Julia GArsC... i Regin... |20 13409 [Berlin Frau Julia ... |Reqgin... | 13409 ...
2552 Herr Ehlers o Uber F... 10587 |Berlin | Herr Ehlers | (ber F...| 10587 .., =]
ZLriick: Weiter |
10, Gruppe !
fdb.group | TITLE LASTMNAME COUMTRY _CODE ZIF
1374 Maonsieur Frank. Eichler i Falkenseer Chaussee 7aA 135589 Berlin
1874 Firma Eichler 1] Flkenseer Chausses 780 13589 Berlin
1374 Herr Frank. Eichler Zres i Falkenseer Chaussee 75 A 135589 Berlin
‘ |Erster ;II..L“GLOBP.L... ;IIErster L“Erster L“Erst... ;I Erster LI gemischte SchreibweiseL“Erster ;IIErster LIIErster
Langsk
1874 Monsieur Frank Eichler Zres angster = 784 13589 [Berlin
Langske gernei
SUpErsequUEnZ
Werkettung
| Tinirurn
Maximum
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m Introductory example

m Schema level integration
o Schema Mapping ;
o Schema Matching ~
m Data level integration o
o Duplicate detection .
o Data fusion ]
# m ETL management (with Alexander Albrecht)

Al
-
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m State of the art
o Many data sources from different organizational areas are
involved in a variety of data integration projects using ETL.

0 ETL processes may encompass shared data sources, same
data targets, common sub-processes, and transformations

m Diagnosis
o No common method, approach, or framework to uniformly
manage entire ETL processes

m With METL (Managing ETL) we are implementing a next generation
ETL tool that supports high-level ETL management.
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m Search - retrieves all ETL processes that satisfy the specified
search query.

m Match - given an ETL (sub-)process it finds all corresponding ETL
(sub-)processes that extract, transform, or load common data in a
similar way.

m Merge - takes one or more ETL processes as input and returns a
merged ETL process.

m Invert - feeds the output of one ETL process back to its sources

m Create - populates system from a variety of sources (mappings,
SQL, scripts, mappings, ...)

m Import/Deploy - interface for existing ETL tools, based on a
common representation of ETL processes
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METL Prototype

EIMETL - Mozilla Firefox
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Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

@ - - @ Lo 6 [ repiime

Test Job CREIM WWW | Customers From Catalog ]

QA & & T N
Search Match Merge Invert Eepository

s@AXr@

Searching for ETL processes with following
features:

Required [L |

Optional E,Authors
Linda

Database Server

Unwanted

localhost

localhosti1za4
localhost:Bo8o
Files Catalog

longIDs_cust_ AL.csy Join

longIDs_cust ME.csv
longIDs_cust_ SZ.csv

Transformations
LOAF Eeader Addressces

LDAF Writer
Lookup

Felix Naumann | Information Systems | Hasso Plattner Institut
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Search & Match

m Search - similar to search

engines
0 Search predicates

o Optionally prepended by a
context-label

phone +table:addresses
+stage: lookup -

AanitthAavr=Als~n
auulivl .ArRiILuUT

Ranking based on relevance
to specified search terms

using TF/IDF-like term
weighting

Hasso
Plattner
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m Match - easy-to-use access

to ETL processes in repository

m Problem: Suitable similarity

measure for ETL processes
o Variety of ETL features

o Semantic or syntactic
heterogeneity

m Structure-aware Match

operator
o Position in ETL process
o Data-Schema
o Type of operator
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L -0

0Lt _nd _nd N

Benefits | |
= Better utilization of shared —
resources ._).).—).».
m Latency improvement and y

reduced amount of data

transmission -_)._>-<
m Enhancement of performance
compared to performing all

processes in a separate run __
ngle view of all information | N>
m Single view of all information >.<

that was originally processed ||
separately . .

m-.
=,
=,
m-.

Felix Naumann | Information Systems | Hasso Plattner Institut
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m Invert output at a given transformation within the ETL process

m Generates for source table S a corresponding source table S' with
cleansed data.

o ETL-equivalence
m Benefits

o Consolidated and cleaned data is fed back to the sources to
ensure data quality for applications on top of original sources.

o Propagation of corrections to sources improves future ETL
projects

¢ Avoid multiple corrections of same error
o Application area: MDM
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55 m Introductory example

m Schema level integration
o Schema Mapping
o Schema Matching

m Data level integration
o Duplicate detection
o Data fusion

m ETL management
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m Other topics of Interest

o Data Profiling

o Bulk Annotation

o Peer data management
o Service Depot
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