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Education

2017 PhD HPI Potsdam

2013 Master HPI Potsdam

2010 Bachelor HPI Potsdam 4
2007 Abitur KvG Mettingen |
Industry

2014 Intern QCRI Qatar
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2009 Intern SAP Walldorf
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Distributed Computing

Data Profiling and Cleaning
Information Systems and Databases
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What data do you have?

Art. 15DSGVO
Auskunftsrecht der betroffenen
Person

Hasso
Plattner
Institut

Die betroffene Person hat das Recht, ven dem Verantwortlichen eine Bestatigung darlber zu
verlangen, cb sie Daten vi itet werden: ist dies der Fall,
50 hat sie ein Recht auf Auskunft Giber diese personenbezogenen Daten und auf folgende
Infermationen:

owledge Discovery

die Verarbeitungszwecke;

die Kategorien Daten, die v werden;

die Empfanger oder Kategorien von Empfangern, gegendber denen die
Daten worden sind oder noch offengelegt werden,
insbesendere bei Emptangern in Drittlandern oder bei internationalen Organisationen;

falls maglich die geplante Dauer, fir die die p Daten i t

werden, oder, falls dies nicht mglich ist, die Kriterien fir die Festlegung dieser Dauer:

das Bestehen eines Rechts auf Berichtigung oder LGschung der sie betreffenden
personenbezogenen Daten oder auf Einschrankung der Verarbeitung durch den
‘Verantwertiichen cder eines Widerspruchsrechts gegen diese Verarbeitung;

das eines B bei einer

wenn die personenbezogenen Daten nicht bei der betroffenen Person erhoben werden,
alle verfOgbaren Informationen Ober die Herkuntt der Daten;

das Bestehen einer isierten Ent: i i ieBlich Profiling geman
Artikel 22 Absatze 1 und 4 und — zumindest in diesen Fallen — auss agekraftige
Infermationen Gber die involvierte Logik sowie die Tragweite und die angestrebten

Auswirkungen einer derartigen Verarbeitung fiir die betroffene Person.

‘Werden persenenbezogene Daten an ein Drittland cder an eine internationale Organisation
libermittelt, so hat die betroffene Person das Recht, iiber die geeigneten Garantien gemas
Artikel 46 im Zusammenhang mit der Ubermittiung unterrichtet zu werden.

! Der Verantwortiche steli eine Kopie der Daten, die der
Verarbeitung sind, zur Verflgung. ? Fiir alle weiteren Kopien, die die betrofiene Person
beantragt, kann der Verantwortliche ein angemessenes Entgelt auf der Grundlage der
Verwaltungskosten verlangen. ? Stelt die betroffene Person den Antrag elektrenisch, so sind

die Infor i in einem gangigen elektroni Format zur Verflgung zu stellen, sofern

sie nichts anderes angibt.

Das Recht auf Erhalt einer Kopie gemai Absatz 3 darf die Rechte und Freiheiten anderer
Personen nicht beeintrachtigen.
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Many companies do not know what data they have!

= Decentralized storage and retrieval

= Heterogeneous data formats and systems

= Unconnected sources

= Lack of metadata and integrity constraints

= Different access rights

= Data quality issues

= Complicated business processes

= Data backups and archives

= Data acquisition and sharing

- Slide 7




CrowdFlower Data Science Report 2016

3% 5%
L 4%

® Building training sets: 3%

What data scientists spend the most time doing

® (Cleaning and organizing data: 60%

® Collecting data sets; 19%

Mining data for patterns: 9%
® Refining algorithms: 4%
® QOther:5%

https://visit.figure-eight.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf

!

Data scientists spend most of their time on data preparation!

Multiple, heterogeneous data sources
Lack of metadata and documentation
Data quality issues

Data acquisition and sharing

Hasso
Plattner
Institut

Data Analytics

~80% on data preparation!
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Generating Image Descriptions
Andrej Karpathy and Li Fei-Fei, Stanford University, TPAMI, 2015

Al Systems

"a 9 3 "a woman a tedd "a horse is standing in the
bear in front of a mirror." middle of a road."

Al systems learn what they ]
I Al systems learn erroneous, non-interpretable behavior! see and understand
= Data quality issues
= Insufficient training data
= Heterogeneous data formats and systems
= Lack of metadata and documentation

| |
I Slide 9
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Data Engineering for Data Science ﬂﬂgﬁﬁer

Institut

Knowledge Discovery

Data Analytics

Al Systems

IS

Querysy,
optlmlzatl

Application
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Data Engineering for Data Science ﬂgﬁfﬁﬁer
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’ Knowledge Discovery
Schema
Engineering .
‘ Data Analytics
Data _
Exploration Data Cleaning » Al Systems

Scientific Data Data
Management Integration

Preparation Application

Slide 11



Data Engineering for Data Science ﬂﬂ.‘:ﬁizer

Institut

“The activity of collecting data about data” Knowledge Discovery
(statistics, dependencies, and layouts) Schema
Engineering .
‘ Data Analytics
" Data ,
Data Profiling Exploration Data Cleaning » Al Systems

Scientific Data Data
Management Integration

Preparation Application

Metadata
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25 Raichu Viridian Forest ground false
27 Sandshrew | Sandslash Route 4 gras false
29 Nidorino Safari Zone ground false
32 Nidorina Safari Zone ground false
37 Ninetails Route 7 water false
38 null null water true
63 Kadabra Route 24 ghost false
64 Alakazam Cerulean Cave ghost false
130 Gyarados null Fuchsia City electric false

null Cerulean Cave ghost true




=1 Hasso
Plattner
Data Profiling | o
density ranges aggregations distributions
#null = 3 min = 0.4 sum = 14.3 z z z
format %null = 30 max = 2.0 avg = 1.43 T T | i
ID Name Evolution Location Sex | Weight | Size Type Weak Strong | Special
25 Pikachu Raichu Viridian Forest | m/w 6.0 0.4 electric | ground water false
27 Sandshrew | Sandslash Route 4 m/w 12.0 0.6 ground gras electric false
29 Nidoran Nidorino Safari Zone m 9.0 0.5 poison ground gras false
32 Nidoran Nidorina Safari Zone w 7.0 0.4 poison ground gras false
37 Vulpix Ninetails Route 7 m/w 9.9 0.6 fire water ice false
38 Ninetails null null m/w 19.9 1.1 fire water ice true
63 Abra Kadabra Route 24 m/w 19.5 0.9 psychic ghost fighting false
64 Kadabra Alakazam Cerulean Cave | m/w 56.5 1.3 psychic ghost fighting false
130 Gyarados null Fuchsia City m/w 235.0 6.5 water electric fire false
150 Mewtwo null Cerulean Cave | null 122.0 2.0 psychic ghost fighting true
i o © ~N D K > © © © <
O ) ) o & o o & & & LLj
L0l 2 >4 2 < T T < < < S
= < < < T T T T Q
= T T T @] O @) O 8 14
O o O data types




Data Profiling

inclusion dependencies
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Institut

functional dependencies

Pokemon.Location < Location.Name Type - Weak
I I I
ID Name Evolution Location Sex | Weight | Size Type Weak Strong | Special
25 Pikachu Raichu Viridian Forest | m/w 6.0 0.4 electric | ground water false
27 Sandshrew | Sandslash Route 4 m/w 12.0 0.6 ground gras electric false
29 Nidoran Nidorino Safari Zone m 9.0 0.5 poison ground gras false
32 Nidoran Nidorina Safari Zone w 7.0 0.4 poison ground gras false
37 Vulpix Ninetails Route 7 m/w 9.9 0.6 fire water ice false
38 Ninetails null null m/w 19.9 1.1 fire water ice true
63 Abra Kadabra Route 24 m/w 19.5 0.9 psychic ghost fighting false
64 Kadabra Alakazam Cerulean Cave | m/w 56.5 1.3 psychic ghost fighting false
130 Gyarados null Fuchsia City m/w 235.0 6.5 water electric fire false
150 Mewtwo null Cerulean Cave | null 122.0 2.0 psychic ghost fighting true
1 | 1 | 1 _
{Name, Sex} Weight | Size Weak # Strong

unique column combinations

order dependencies

denial constraints

15




Data Profiling
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ID Name Evolution Location Sex Strong | Special
25 Pikachu Raichu Viridian Forest | m/w J water false
27 Sandshrew | Sandslash Route 4 m/w 12.0 0.6 grouna gés electric false
29 Nidoran Nidorino Safari Zone m 9.0 0.5 poison ground gras false
32 Nidoran Nidorina Safari Zone w 7.0 0.4 poison ground gras false
37 Vulpix Ninetails Route 7 m/w 9.9 0.6 fire water ice false
38 Ninetails null null m/w 19.9 1.1 fire water ice true
63 Abra Kadabra Route 24 m/w 19.5 0.9 psychic ghost fighting false
64 Kadabra Alakazam Cerulean Cave | m/w 56.5 1.3 psychic ghost fighting false
130 Gyarados null Fuchsia City m/w 235.0 6.5 water electric fire false
150 Mewtwo null Cerulean Cave | null 122.0 2.0 psychic ghost fighting true
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K L | M| N | o |rla] R [s|Tjul v W] x| ¥ | Z|AA| AB |AC|AD| AE |[AF| AG  AH
first_name middle_name name res_street_address res_city_desc statrzip_cormail_addrl mak mar ma mail_city mail»mail_zbfull_phone_numb racer ethnio-party_cd gens birthr birth_+driw registr_dt
EVELYN LARSEN 4430 E GREENSEORO-CHGRAHAM  NC | 27253 4430 E GREENSBORO-CHAPEL HILL » GRAHAM NC | 27253 000 0000 W NL UNA F TINY N (10001
CHRISTINA  CASTAGNA 421 WHITTAVE BURLINGTON |NC | 27215421 WHITTAVE BURLINGTON  |NC | 27215332391110 W UN UNA F B/NC Y0¥
L CLAUDIA HAYDEN 1013 EDITH ST BURLINGTON NC | 27215 1013 EDITH ST BURLINGTON  |NC 272§ 4
a t a ro I I n g JAMES MICHAEL 1647 SAAPAHAWEETHDGRAHAM  NC | 27253 PO BOX 88 SAUPAHAN  NC 27 L.
NATHAN EDWARD 421 WHITTAVE BURLINGTON NC | 27215421 WHITTAVE BURLINGTON  INC | 272
RICHARD ERIAN 1013 EDITH ST BURLINGTON NC | 272151013 EDITH ST BURLINGTON  |NC | 272 ~ 8 mi I I ion reco rd S 124
- SANDRA ESCOBAR 1013 EDITH ST BURLINGTON NC | 272151013 EDITH ST BURLINGTON  NC | 272 124
UALAMANCE | 9021347A ACTNE AV VERIFIED AARON WILLIE DALE 1013 EDITH ST BURLINGTON NC | 27215 1013 EDITH ST BURLINGTON  |NC | 272 WonC O TR 124
UACAMANCE | 90620024 ACTNE AV VERIFIED AARONSON ~ GENA HOLT 107 TERRYWOOD CT  HAWRIVER  NC | 27258 107 TERRYWOOD CT HAW RIVER NC | 277583365780123 W NL REP  F 4INC Y |0B/B/1998 13
LALAMANCE = 9098423A ACTNE AV VERIFIED AARONSON  MICHAEL CHARLES 107 TERATWOOD CT  HAWRIVER  NC | 27258 107 TERRTWOOD CT HAW RIVER NC | 272583362667615 W NL UNA M 52WI Y |OLI92006 13
LALAMANCE | 91178401  INACTWE  |U CONFIRMATION RETUR | ABAD PRISCILLA  MARIE 100 COLONNADEDR #3ELON NC | 27244 CAMPUS BOX 3008 ELON NC | 27244 0 HL UNA F b N 110172008 3
UALAMANCE = 90341271 INACTIVE  ({U  CONFIRMATIONRETUR | ABADIE COLLEEN  MIASHEL 1097 [VEYRD #C GRAHAM  NC | 272531097 [VEYRD #C GRAHAM NC | 27253 M HL REP F 48AZ Y 097231992 06S
UALAMANCE | 91216561 NACTWE |IN (CONFIRMATIONNOTR: | ABADIE JACK EDWARD JR 612 SIDEVIEWST GRAHAM  NC | 27253612 SIDEVIEW ST GRAHAM NC | 27253336 2128140 W NL UNA M NG |¥ |OUIE009 06N
UALAMANCE = 91181541 INACTIVE U CONFIRMATIONRETUR | ABADIE MYRA HOLLIFIELD 612 SIDEVIEWI ST GRAHAM  NC | 27253617 MITCHELLST BURLINGTON  |NC | 2721733228140 W NL UNA F BINC ¥ |12/02/2008 (06N
LALAMANCE = 9145130A ACTVE AV VERIFIED ABADILLA  STEVE ARCEQ 105 N SIXTH ST MEBANE NC | 27302 105N SIXTH ST MEBANE NC | 27302336543570 0 NL UNA M 60C Y (07032014 10N
UACAMANCE | 91317881 INACTWE |IN  [CONFIRMATIONNOTR» | ABBAS FALISA 707 SUMMITRIDGE RD »MEBANE NC | 27302707 SUMMITRIDGERD #A MEBANE NC | 273029195680001 B DEM  F 4ONT Y 07032012 10N
UALAMANCE | 9139919A ACTNE AV VERIFIED ABEAS JENNIFER  ANN 3027 TRUITTDR BURLINGTON NC | 272153027 TRUTTDR BURLINGTON  |NC | 272153365850686 W DEM F MFL ¥ (10282012 03C
UALAMANCE = 9068450A ACTNE AV VERIFIED ABEAS RARAT 514 WESTRIDGEDR  BURLINGTON NC | 27215514 WESTAIDGE DR BURLINGTON  |NC | 27215 A DEM  F 6INC |¥ (033002000 038
LALAMANCE = 9145370A ACTVE AV VERIFIED ABBATECOLA CAMILLE MARIE 113 SUNSETDR ELON NC | 27244113 SUNSET OR ELON NC | 272446315618721 W REP  F TONY N 031972014 (03N
UALAMANCE | 914530A ACTNE AV VERIFIED ABBATECOLA RONALD JOSEPH 113 SUNSETDR ELON NC | 27234113 SUNSETDR ELON NC | 27244B315610721 W REP M E7NY ¥ (031902014 (03N
LATAMANCE = 9049573A ACTNE AV VERIFIED ABBATECOLA RONALD JOSEPH JR 504 BROOKFIELDDR  GIBSONVILLE NC | 27249504 BROOKFIELD DR GIESONVILLE ~ INC 27249336 4499029 W UNA M 39NY ¥ |05/14/1996 (03W
LALAMANCE = 9033877A ACTNE AV VERIFIED ABBATECOLA TRACY BOONE 504 BROOKFIELDDR  GIBSONVILLE NC | 27243504 BROOKFIELD DR GIBSONVILLE  INC | 27249 W NL DEM F 4TNC Y |1005/1992 03W
LACAMANCE = 90835571  INACTWE  |U  CONFIRMATION RETUR | ABBETT DANN LEANN 3900 JOHNS CREEK DR »GIESONVILLE NC | 272493900 JOHNS CREEK DR GIBSONVILLE |NC 2724933584338 W NL DEM F SICA Y |0L30/2004 4
UALAMANCE = 9027554A ACTVE AV VERIFIED ABBEY BRENT DAVID 3304 GOLDEN OAKSDR#GRAHAM  NC | 27253 3304 GOLDEN OAKS DR GRAHAM NC | 272539196826673 W NL REP M | 4TNY Y |0BMGA991 L
UALAMANCE | 9023477A ACTNE AV VERIFIED ABEEY DEMETRA  AINSWORTH 3304 GOLDEN OAKSDR+GRAHAM  NC | 272533304 GOLDEN OAKS DR GRAHAM NC | 272533363760673 W NL REP F 465C Y V151992 L
LALAMANCE = 9087980A ACTNE AV VERIFIED ABBOTT ANGELA MORTON 2006 WINN CREEKDR  HAWRIVER  NC | 27258 2006 WINN CREEK DR HAW RIVER NC | 272583362613357 W NL DEM F 4LNC Y |09/06/2004 095
UALAMANCE | 9147406D |DENIED DU VERIFICATIONRETURM | ABBOTT ASHLEY LAUREN 700 EHAGGARDAVE #] ELON NC | 27244700 EHAGGARD AVE #] ELON NC | 27244 W NL UNA F 18N] N |003072014
LATAMANCE | 90192731 INACTWE |IN  CONFIRMATIONNOTR» | ABBOTT BRENDA CARMICHAEL BLLNTHIRD ST WEEANE NC | 27302 611NTHIRD ST MEBANE NC 27302 563 2654 W NL UNA F BONC N |0#1071989 10N
LALAMANCE = 9102615A ACTVE AV VERIFIED ABBOTT BRIAN CHRISTOPHER 2006 WINN CREEKDR  HAWRIVER  NC | 27258 2006 WINN CREEK DR HAW RIVER NC 2758336261337 W NL UNA M | 42NC Y |08/7/2007 08S
UACAMANCE | 90792574 ACTNE AV VERIFIED ABEOTT BRUCE CLEATON 188 LAKE CAMMACK CT »BURLINGTON NC | 27217 188 LAKE CAMMACK CT BURLINGTON  |NC | 27217332143703 W NL REP M BSNC Y |10/24/2002 5
UALAMANGE = 1389300A ACTNE AV VERIFIED ABBOTT CHERYL FAULKNER 185 LAKE CAMMACK CT »BURLINGTON NC | 27217 188 LAKE CAMMACK, CT BURLINGTON  |NC | 272173362293027 W NL REP F BINC Y |07/26/1576 5
UALAMANCE | 0140302A ACTNE AV VERIFIED ABEOTT CHRISTOPHER BRANDON 1110 COOKRD #6-E  GIBSONVILLE NC 272491110 COOKRD #6-E GIBSONVILLE |NC  27249336583923% W NL UNA M 4ONC Y 10012012 03W
LALAMANCE | 9145171A ACTNE AV VERIFIED ABBOTT DEREK ANDREW 5055 CLUB DR SHOW CAMP NC | 27349/6055 CLUB DR SNOWCAMP  NC | 273493365096600 W NL UNA M | 460H Y 02202014 OBN
UALAMANCE | 90284301 NACTWE |IN  CONFIRMATIONNOTR: | ABEOTT DWIAYNE ROGER 2839 LADALELN MEBANE NC | 273022839 LADALELN MEBANE NC 27302 563 3956 W NL UNA M SSNC Y (00998l 098
LATAMANCE = 9080420A ACTNE AV VERIFIED ABBOTT FRANK PATRICK 1202 JAMESTOWNEDR  ELON NC | 272441202 JAMESTOWNE DR ELON NC  272443362274088 W UN UNA M | 47TN] Y (10052004 O3N
LALAMANCE = 9079222A ACTNE AV VERIFIED ABBOTT GLADYS MARIE MILES 514 TUCKER 5T BURLINGTON NC | 27215614 TUCKER 5T BURLINGTON  |NC | 2721533570141 8 NL DEM BZNC ¥ |1L052002 128
1ACAMANCE | 91461454 ACTNE AV VERIFIED ABBOTT HAROLD GRANT 720 5 BROAD 5T BURLINGTON NC | 27215 PO BOX 2662 BURLINGTON  |NC  3F+08336437338 W NL REP M TONC ¥ |052012014 178
LALAMANCE = 9084352A ACTNE AV VERIFIED ABBOTT JESSICA NADINE 2876 CALLOWAYDR  MEBANE NC | 273022876 CALLOWAYDR MEBANE NC | 273029193044861 W NL UNA F NG Y |05L2005 (095
UALAMANCE = 9023803A ACTNE AV VERIFIED ABEOTT JOYCE HODGES 1934 TUCKER ST #A  BURLINGTON NC | 272151934 TUCKER ST #A BURLINGTON  |NC | 272153362274078 W NL DEM F B7VA Y |00/24/1980 1710
LALAMANCE = 9020357A ACTVE AV VERIFIED ABBOTT LAWRENCE  ELMER JR 110 OAKVIEWDR ELON NC | 27244 110 QAKVIEW DR ELON NC | 272443365634708 W NL UNA M BINC ¥ |OLO9IS80 (03N
UALAMANCE | 0108338A ACTNE AV VERIFIED ABEOTT MARIA LYNETTE 514 TUCKER 5T BURLINGTON NC | 27215614 TUCKER 5T BURLINGTON  |NC | 272153365701418 8 NL DEM JNC ¥ (05022008 128
LATAMANCE = 9077192A ACTNE AV VERIFIED ABBOTT NANCY SKIDMORE 110 QAKVIEW DR ELON NC | 27244110 QAKVIEW DR ELON NC  27244B002227566 W NL UNA F TIWV ¥ 0572002 03N
LALAMANCE = 9035500A ACTVE AV VERIFIED ABBOTT PATTI BELVIN 1202 JAMESTOWNE DR ELON NC | 272441202 JAMESTOWNE DR ELON NC 2724433628057 W UN REP F 49NC Y 10051992 03N
1ACAMANCE | 91352054 ACTNE AV VERIFIED ABBOTT SUSAN HANKS 2876 CALLOWAYDR  WMEBANE NC | 273022876 CALLOWAY DR MEBANE NC | 273029195688055 W UN UNA F 56 ¥ 09470127 095
LALAMANCE = 9113731R REMOVED RM REMOVEDAFTERZFER | ABBOTT TAYLOR RENEE 406 W LEBANGN AVE #A ELON NC | 27244 CAMPUS BOX 3077 ELON NC | 27244 W UN REP F BWY N 10032008
UALAMANCE | 901386R |REMOVED |RD |DECEASED ABEOTT VIRGINIA SMITH 2820 BLANCHE DR BURLINGTON NC | 272152820 BLANCHE DR BURLINGTON  |NC | 27215 W NL REF F 8TPA Y 02721988
LALAMANCE = 9027717TA ACTNE AV VERIFIED ABBOTT-LUNS SHELBY LYNN 509 FERNWAY DR BURLINGTON NC | 27217509 FERNWAY DR BURLINGTON  |NC | 2721733226008 8 NL DEM F 4INC Y 05291991 127
UALAMANCE | ol08552A ACTNE AV VERIFIED ABDALLA™~ KHALED 1SMAIL 605 ISLEYPL #C BURLINGTON NC | 27215605 ISLEYPL #C BURLINGTON  |NC | 2721533G6860506 W NL DEM U 2 ¥ |05022008 12W
LATAMANCE | 9144791A ACTNE AV VERIFIED ABDELSALAM MOHAMED — AHWMED 721 DEERFIELDTRCE  MEBANE NC | 27302721 DEERFIELDTRCE MEBANE NC  273029195680206 O NL UNA M 290C Y (02032014 105
LALAMANCE | 9128403A ACTVE AV VERIFIED ABDEL-MAGID LISA ANN 1841 DUNBAR PL BURLINGTON NC | 27215 1841 DUNBAR PL BURLINGTON  |NC | 272152144378955 W NL UNA F B4DC ¥ [1U102011 035
LACAMANCE | 91171921 INACTWE  |U  CONFIRMATION RETUR | ABDELKARIM  AMNA ELHAG 1105 PROVIDENCECT  ELON NC | 277441105 PROVIDENCE CT ELON NC | 27244 M N[ UNA F 7 ¥ [10/242008 (03C
LALAMANCE = 9089437TA ACTNE AV VERIFIED ABDELRAHAM»ABUBAKR  MERGANI 2954 ETHAN POINTE DR»BURLINGTON NC | 272152954 ETHAN POINTEDR #4203 BURLINGTON  |NC  272153366840385 O NL DEM M | 470C Y (102502006 035
UALAMANCE | 912644TA ACTNE AV VERIFIED ABDULHAQQ ~ AMEERA ANATULLAA 2241WSIMPSONRD  GREENLEVEL NC | 27217 2241W SIMPSON RD GREENLEVEL |NC | 27217332696161 M NL UMA F BAA Y 0406011 bk
LALAMANCE = 9019307TA ACTNE AV VERIFIED ABE JOHN FUIIg 208 HARDEN ST BURLINGTON NC | 27215208 HARDEN ST BURLINGTON  |NC | 272153362276083 A NL UNA M 58MD Y |050L1S89 (O6W
UALAMANCE | 9130911A ACTNE AV VERIFIED ABEGGLEN  COLETTE 2624 MOSS CREEK LOORELON NC | 272442066 SCHURCHST  APTLI0 BURLINGTON |NC  3C+083362636215 W NL UNA S5CA Y 0228012 4
LALAMANCE = 9062130R REMOVED |RD |DECEASED ABEL ALICE DAVIDSON 3905 CALVIN CT BURLINGTON NC | 272153905 CALVINCT BURLINGTON  NC 27215 W NL DEM F B8BNC Y 10021996
LALAMANCE = 9148578A ACTVE A2 CONFIRMATION PENDl» | ABEL SETH ALAN 739 EHAGGARD AVE #2WELON NC | 27244739 EHAGGARD AVE #2E ELON NC | 2724475290498%8 W UN REP M 32 ¥ (10702014 03N
1 AT AMAN il YR, .1 31 ABELE DONALD BRUCE 1320 HAWTHORNELN  BORLINGTON NC | 272151320 HAWTHORNE LN BURLINGTON ~ NC | 27715 W NL REF M BEDC Y |0UZTI0LZ 124
1 ALAMA NRETUR | ABELE KLAY MATTHEW 336 SLATE DR GIBSONVILLE NC | 27249336 SLATE DR GIBSONVILLE  |NC  272493366038183 W NL UNA M BOH ¥ 032672012 03W
1ALAMA 9 4 tt = b t ABELE KYLIE 10 33 SLATE DR CIBSONVILIE NC | 2724933 SLATE DR GIBSONVILLE  |NC  272494123897038 W NL REP F FWY N (0322012 03W
1 ALAMA attribputes ABELE MARY MAGDALINE 1320 HAWTHORNE LN BURLINGTON NC | 272151320 HAWTHORNE LN BURLINGTON  |NC | 272154342505217 W UN UNA 560C ¥ (050872012 124
1 ALAMA ABELSON  MICHELLE  LEE 503 EDMUND CT ELON NC | 27244503 EDMUND CT ELON NC | 27244B128050104 W NL DEM F #MN Y 10222013 03C
1 ALAMAN NNOTR: | ABENDSGHEIN VIVIANA ROSARIO 415 DOGGETTDR GRAHAM  NC | 27253415 DOGGETT DR GRAHAM NC | 27253336513675%4 0O NL UNA F 410C Y 0911972008 0BE
LALAMANCE | 7226775/A ABERCROMBIFFAY WHISNANT 3722 GRAHAM SMITH DR HAWRIVER  NC | 27258 3722 GRAHAM SMITH DR HAW RIVER NC | 272583363763124 W NL DEM F SONG ¥ |OUL7ised 095
1ACAMANCE | 90538874 A/ VERIFIED ABERCROMBIRFRED JUNIGH 1001 TODD 5T GRAHAM  NC | 272531001 TODD 5T GRAHAM NC 27253 W NL REP M TINC Y [10/01996 B4
R Sornin T T T AT T W e oA e T e e T e b weera S meTrar e e T e —Tur e — A T I




Advances in Data Profiling
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Dataset Columns Rows Size FDs | TANE Fun Fp_ Mine Drbp Dep-MINER FasTFDs  Fpep

#] #) | [KB] # | [ 4 21 [ [12] 20 [6]
iris 5 150 5 4 1.1 0.1 0.2 0.2 0.2 0.2 0.1
balance-scale 5 625 7 1 1.2 0.1 0.2 0.3 0.3 0.3 0.2
chess 7 28,056 519 1 2.9 1.1 3.8 1.0 174.6 164.2 125.5
abalone 9 4,177 187 137 2.1 0.6 1.8 1.1 3.0 2.9 3.8
nursery 9 12,960 1,024 1 4.1 1.8 7.1 0.9 121.2 118.9 46.8
breast-cancer 11 699 20 46 2.3 0.6 2.2 .8 1.1 1.1 0.5
bridges 13 108 6 142 2.2 0.6 4.2 0.9 0.5 0.6 0.2
echocardiogram 13 132 6 538 1.6 04 69.9 1.2 0.5 0.5 0.2
adult 14 48,842 3,528 78 67.4 111.6 531.5 5.9 6039.2 6033.8  860.2
letter 17 20,000 695 61 | 260.0 529.0 7204.8 6.0 1090.0 1015.5  291.3
ncvoter 19 1,000 151 758 4.3 4.0 ML 5.1 11.4 1.9 1.1
hepatitis 20 155 8 8,250 12.2  175.9 ML 326.7 5576.5 9.5 0.8
horse 27 368 25 128,726 | 457.0 TL ML TL TL 385.8 7.2
fd-reduced-30 30 250,000 | 69,581 89,571 | 41.1 77T ML TL 377.2 382.4 TL
plista 63 1,000 568 178,152 ML ML ML TL TL TL 26.9
flight 109 1,000 575 982,631 ML ML ML TL TL TL 216.5
uniprot 223 1,000 2,439 | unknown ML ML ML TL TL TL ML

Results larger than 1,000 FDs are only counted TL: time limit of 4 hours exceeded ML: memory limit of 100GB exceeded

Table 1: Runtimes in seconds for several real-world datasets

[Functional Dependency Discovery: An Experimental Evaluation of Seven Algorithms, T. Papenbrock et. al., VLDB, 2015] Slide 19
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Inclusion
Dependencies

B Y| | Definition: Given two relational instances r
and r; for the schemata R;, and R;, respectively.
The inclusion dependency Ri[X] < R;[Y] (short
X €Y) with X € R, Y c Rjand [X]| = [|Y] is
valid, iff v {j[X] € r;, 3[Y] € r; : {[X] = §[Y].

Foreign key relationships “All values in X are also contained in Y”

Slide 20
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Name | Type | CRINOR | Mass | idiue | period | period | moons . | Rings | Atmosphere -

Mercury | Terrestrial 0.382 0.06 0.47 : 0.24 : 58.64 0 no minimal CompIeXIty: O(nz'n)

Venus | Terrestrial 0949 0.82| o0.72] o0.62| -243.02 0 no Co,, N, for n attributes

Earth | Terrestrial 1.000 1.00 1.00 1.00 1.00 1 no N,, O,, Ar

Mars | Terrestrial 0.532| 0.11 1.52 1.88 1.03 2 no| CO,, N, Ar Example:

Jupiter Giant 11.209| 317.8 5.20 11.86 0.41 67 es H,, He g

Saiurn Giant 9.449 95.2 9.54 29.46 0.43 62 Zes H,, He 10 attrIbUtes ~ 90 CheCkS

Uranus Giant 4.007| 14.6| 19.22| 84.01 -0.72 27| yes H,, He 1,000 attributes ~ 999,000 checks
Neptune Giant 3.883 17.2 30.06 164.8 0.67 14 yes H,, He
m Name c Type ? m Type € Name ? m Mass € Name ?
m Name <€ Equatorial_diameter ? m Type € Equatorial_diameter ? m Mass c Type ?
m Name € Mass ? m Type € Mass ? m Mass € Equatorial_diameter ?
m Name < Orbital _radius ? m Type <€ Orbital_radius ? m ...
m Name < Orbital_period ? m Type € Orbital_period ?
m Name < Rotation_period ? m Type € Rotation_period ?
m Name c Confirmed_moons ? = Type € Confirmed_moons ?
m Name c Rings ? m Type € Rings ?
m Name < Atmosphere ? m Type € Atmosphere ?

http://webdatacommons.org/webtables/index.html Slide 21
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Equatorial Orbital | Orbital | Rotation | Confirmed Rotation Revolution Symbol Unicode Glyph |
pame Type diameter ilass radius | period period moons Ring=jatmasphers (lEEE Period Period Sunl U+2609 o
Mercury | Terrestrial 0.382| 0.06 0.47 0.24 58.64 0 no minimal | | _Mercury 58.6 days 87.97 days Moon U+263D N
Venus | Terrestrial 0949 0.82] 0.72] o0.62] -243.02 0 no CO,, N, | |_Venus 243 days 224.7 days Moo U+263E B
Earth | Terrestrial 1.000| 1.00| 1.00] 1.00 1.00 1| no| N, O, Ar E;I"th 2'32 jays 3615;86 days Mercury U+263H P
- ars . ays .88 years
Mars Terres1l:r|al 0.532| 0.11 1.52 1.88 1.03 2 no| CO,, N, Ar Jupiter 0.41 days 11.86 years Venus U+2640!
Jupiter G?ant 11.209| 317.8 5.20 11.86 0.41 67 yes H,, He e 0.45 days 29.46 years Earth U+1F728] O
Saturn Giant 9.449| 95.2 9.54 29.46 0.43 62 yes H,, He Uranus 0.72 days 84.01 years Mars U+2642 3
Uranus Giant 4.007| 14.6| 19.22| 84.01 -0.72 27 yes H,, He | [ 'Neptune 0.67 days 164.79 years Jupiter U+2643 2
Neptune Giant 3.883 17.2 30.06 164.8 0.67 14 yes H,, He Pluto 6.39 days 248.59 years Saturn)| U+2644 123
= = = Uranu: U+2645|
Planet Synodic period Synodic period (mean) Days in retrograde Planet Mean distance Relative mean distance H
Uranu U+26E2] O
Mercury 116 3.8 ~21 Mercury 57.91 1
Venus 584 192 a1 Venus, 108.21 1.86859 Neptune U+2646 L
Mars 780 356 7 Earth 149.6 1.3825 Eris = U+2641 3
Jupiter 399 131 121 CMarS ii;g; 1;?3?3 By =~ U+20EQ Q
Saturn 378 12.4 138 = ' : 2ot U+2647 £
Jupiter] 778.57 1.88154 Plutol not present -
Uranus 370 12.15 151
Saturn 1,433.53 1.84123 Arie U+2648 %
Neptune 367 12.07 158 Uranus, 2,872.46 2.00377
- - - Tauru U+2649| v
A e B " Neptune 4,495.06 1.56488 |
Sign House |Domicile|Detriment| Exaltation Fall Planetary Joy Pluto 5.869.66 13058 Gemini| U+264A pig
Aries| 1st House Mars Venus Sun Saturn Mercury Cancer U+2648B| (&)
Taurus| 2nd House Venus Pluto| Moon Uranus Jupiter| Planet Calculated | Observed | Perfect Actual Leo U+264Q Al
Gemini| 3rd House| Mercury Jupiter N/A N/A Saturn (in AU) (in AU) | octaves | distance Virgo U+264D )
Cancer| 4th House Moon Saturn Jupiter| Mars Venus EICHLY, 0.4 0.387 0 0 Libral U+264E] Fut
Venus 0.7 0.723 1 1.1 j
Leo| 5th House Sun Uranus Neptune| Mercury Mars T 1 1 > > Scorpi U+264F m
N a . .
V!rgo 6th House| Mercury Neptune| Pluto, Mercury; Venus Saturn Mars 16 1524 2 3.7 Samtttarlu U+2650) P
Libra| 7th House Venus Mars| Saturn Sun Moon Asteroid belt 58 >.767 8 7.8 Capricorn| U+2651] 13
Scorpio| 8th House Pluto| Venus Uranus Moon Saturn Jupiter 5.2 5.203 16 15.7 Capricorn| U+2651] 13
Sagittarius| 9th House| Jupiter| Mercury N/A N/A Sun Saturn 10 9.539 32 29.9 Aquariu U+2652 =
Capricorn| 10th House Saturn Moon Mars Jupiter| Mercury Uranus 19.6 19.191 64 61.4 Pisce U+2653] 0
Aquarius| 11th House| Uranus Sun Mercury Neptune Venus| Neptune 38.8 30.061 96 -96.8 Conjunction U+2600 s
Pisces| 12th House| Neptune Mercury Venus| Pluto, Mercury Moon Pluto 77.2 39.529 128 127.7

http://webdatacommons.org/webtables/index.html
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B attributes [ values o
=) dataflow []ignored Divide Conquer

Rel. 1 Rel. 2

prg
m

- 0 0 0o o o0 — S [T

()]

A|B|C|D[E|F|G]
EREEREN validation?|
CICIOEOE
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CICIOI IO

C
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8
8
a
f
8
f
a
a

B S o @ = = ) @ o
coosooocooa O
0o o0 MO ® O OO0 O
oao“— oo o TOT O
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Dynamic Memory Lazy Partition

Handling: Refinement:
Spill largest buckets to disk Split a partition if it does
if memory is exhausted. not fit into main memory.

[Divide & Conquer-based Inclusion Dependency Discovery, T. Papenbrock, S. Kruse, J. Quiané-Ruiz, F. Naumann, VLDB, 2015] Slide 23
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=) dataflow [ | partition

attr2value

Validation algorithm

1. Iterate attributes

2. Iterate values

3. If value2attr entry exists
» Intersect candidates with this list
» Remove value2attr entry

» If attribute removed from all
candidates

» Remove entry from attr2value

[Divide & Conquer-based Inclusion Dependency Discovery, T. Papenbrock, S. Kruse, J. Quiané-Ruiz, F. Naumann, VLDB, 2015] Slide 24
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value2attr 1.

2.
3,

attr2value

d e

C S
Never tested! >
A B C D

A D

S

Iterate attributes
Iterate values
If value2attr entry exists

Hasso
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> Intersect candidates with this list

» Remove value2attr entry

» If attribute removed from all

candidates

look up

B,C,D A,C.D AB,D AB,C

=

[Divide & Conquer-based Inclusion Dependency Discovery, T. Papenbrock, S. Kruse, J. Quiané-Ruiz, F. Naumann, VLDB, 2015]

BCA
CcA

» Remove entry from attr2value

Slide 25
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Table 6: UIND performance on real-world datasets (minutes)

) B

Datasets Bell & Brockhausen DeMarchi Spider Spider BF S-indd | Binder Size Attributes ulnds nInds
SCOP 0.14 0.04 0.08 0.07 0.09 0.07 | 16 MB 22 39 36
CATH 0.11 0.02 0.05 0.05 0.05 0.04 | 16 MB 25 51 81
CENSUS 1.05 0.97 0.15 0.18 0.17 0.14 | 112MB 42 39 89
WIKIPEDIA TL 1.02 1.47 1.45 1.56 1.22 | 540 MB 14 2 0
BIOSQL 4.98 0.76 1.30 1.43 1.48 1.41 | 560 MB 7 348 507
WIKIRANK 2.90 0.73 1.53 1.19 1.44 1.23 | 697 MB 29 99 103
LOD 0.34 0.25 0.45 0.43 0.41 0.30 | 830 MB 41 258 unknown
ENSEMBL 23.52 6.87 3.04 3.50 3.70 2.39 | 836 MB 130 364 100
TESMA TL 4.53 3.30 2.85 4.75 4.27 1GB 114 2 0
TPC-H 1 17.79 1.96 3.88 3.10 3.58 2.96 1GB 61 96 8
TPC-H 10 TL ML 44.43 35.06 36.54 28.21 10GB 61 97 11
MUSICBRAINZ TL 136.03 61.42 130.15 106.26 45.69 27GB 1054 49829 unknown
TL: time limit of 4h exceeded ML: memory limit of 83G exceeded
Table 7: NIND|performarice on real-world datasets in minutes

Datasets Binder | Find2 Mind Mind2 ZigZag

SCOP 0.30 0.37 0.36 1.85 0.50

CATH 4.18 3.24 3.15 29.16 3.23

CENSUS 0.68 2.28 2.01 N.A. 3.37

WIKIPEDIA 1.40 1.50 1.48 1.47 1.54

BIOSQL 3.65 5.51 5.36 TL 4.88

[Inclusion Dependency Discovery: WH,(IRANK 8.10 2.99 8.89 TL 2.96

. . . ENSEMBL 6.31 3.33 7.13 TL 206.94

An Ef(perlmenta/ Eva/uat/on_of Ten Algorlthms, ghalND 17765 | 1328 2704 13.45 13.13

F. Dlrsch, A. Stebner, F. Windheuser, M. Fischer, TESMA 4.35 3.39  3.38 8.79 3.39

T. Friedrich, N. Strelow, T. BleifuB3, H. Harmouch, TPC-H 1 9.97 7.49 7.01 TL 12.37

L. Jiang, T. Papenbrock, F. Naumann, TPC-H 10 121.09 TL TL TL TL

submitted to VLDB]

TL: time limit of 4h exceec

ed ML: memory limit of 83G exceeded
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Functional

Dependencies

Y, |

Definition:
schema R. The functional
with X € R and A € R
t[X] = §[X] = tlY] = Y]

ve, er:

Given a relational

dependency

instance r for a

is valid in

X — A

r, iff

“The values in X functionally define the values in Y”

mm_mmm—

Pikachu
26 Raichu
29 Nidoran
37 Vulpix
38 Ninetails
63 Abra

64 Kadabra
65 Alakazam
150 Mewtwo

0.4
0.8
0.5
0.6
1.1
0.9
1.3
1.5
2.0

electric_I ground  water Vermillion I Lt. Surge  Thunder
electric | ground water Vermillion " ‘Lt. Surge  Thunder
oison round gras Viridian Giovanni Earth
fire éwater ice null I null null
fire water ice null null null
psychic | ghost fighting null null null
psychic I\ ghost fighting Saffron I sabrina Marsh
psychic | ghost fighting Saffron | Sabrina Marsh
psychic | ghost fighting null null null

Type — Weak, Strong

J/

GYM — Leader, Reward

Hasso
Plattner
Institut
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Functional
Dependencies

a Y, |

Definition: Given a relational instance r for a
schema R. The functional dependency X — A
with- X € R and A € R is valid in r, Iiff
vt, € r: 4[X] = 4[X] = Y] = glY].

“The values in X functionally define the values in Y”

mmm m#

25 Pikachu electric | Vermillion electric | ground  water

26 Raichu 0.8 electric | Vermillion poison ground gras

29 Nidoran 0.5 poison Viridian fire water ice

37 Vulpix 0.6 fire null psychic | ghost fighting -
38 Ninetails 1.1 fire null ’
63 Abra 0.9 psychic f null Reward

64 Kadabra 1.3 psychic | Saffron Vermillion | Lt. Surge  Thunder

65 Alakazam 1.5 psychic || Saffron Viridian Giovanni Earth

150 Mewtwo 2.0 psychic_f null Saffron Sabrina Marsh

Slide 28
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results

plis,
pliRecords Symbols

Preprocessor

Record Pair omparisonSuggestions
Sampler

Main
FD

Validator Side

FD Candidate candidate-FDs
Inductor

Components:

Memory

: Optional
Guardian ptiona

[A Hybrid Approach to Functional Dependency Discovery, T. Papenbrock, F. Naumann, SIGMOD, 2016] Slide 29
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Name Surname Postcode City Mayor

Thomas Miller 14482 Potsdam Jakobs

Sarah Miller 14482 Potsdam Jakobs
Peter Smith 60329 Frankfurt Feldmann
Jasmine Cone 01069 Dresden Orosz
Thomas Cone 14482 Potsdam Jakobs
Mike Moore 60329 Frankfurt Feldmann

» Surname, Postcode, City, Mayor # Name
» Name, Postcode, City, Mayor # Surname
» Surname # Name, Postcode, City, Mayor

Postcode - City
Postcode > Mayor

[A Hybrid Approach to Functional Dependency Discovery, T. Papenbrock, F. Naumann, SIGMOD, 2016] Slide 30
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records
dataset

plis,

| H y F D pliRecords Data

Preprocessor

‘ cEmparisonSuggestions’

Thomas Miller 14482 Potsdam Jakobs

Sarah Miller 14482 Potsdam Jakobs
Peter Smith 60329 Frankfurt Feldmann H .
e e e A— it
Thomas Cone 14482 Potsdam Jakobs -
Mike Moore 60329 Frankfurt Feldmann - Mall‘l
e -
. Optional
Guardian

[~ [ X

[A Hybrid Approach to Functional Dependency Discovery, T. Papenbrock, F. Naumann, SIGMOD, 2016] Slide 31
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Dataset Cols Rows Size FDs | TANE FunNn FD_MINE Drp DEeP-MINER FASTFDs FDEP HYFD
[#] [#]  [KB] [#]
iris ) 150 ) 4 1.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1
balance-scale ) 625 7 1 1.2 0.1 0.2 0.3 0.3 0.3 0.2 0.1
chess 7 28,056 519 1 2.9 1.1 3.8 1.0 174.6 164.2  125.5 0.2
abalone 9 4177 187 137 2.1 0.6 1.8 1.1 3.0 2.9 3.8 0.2
nursery 9 12960 1,024 1 4.1 1.8 7.1 0.9 121.2 118.9 46.8 0.5
breast-cancer 11 699 20 46 2.3 0.6 2.2 0.8 1.1 1.1 0.5 0.2
bridges 13 108 6 142 2.2 0.6 4.2 0.9 0.5 0.6 0.2 0.1
echocardiogram 13 132 6 527 1.6 0.4 69.9 1.2 0.5 0.5 0.2 0.1
adult 14 48,842 3,528 78 67.4 111.6 531.5 5.9 6039.2 6033.8  860.2 1.1
letter 17 20,000 695 61 | 260.0 529.0 7204.8 6.0 1090.0 1015.5 291.3 3.4
nevoter 19 1,000 151 758 4.3 4.0 ML 5.1 11.4 1.9 1.1 0.4
hepatitis 20 155 8 8,250 122 175.9 ML 326.7 5576.5 9.5 0.8 0.6
horse 27 368 25 128,727 | 457.0 TL ML TL TL 385.8 7.2 7.1
fd-reduced-30 30 250,000 69,581 89,5671 | 41.1  77.7 ML TL 377.2 382.4 TL 513.0
plista 63 1,000 568 178,152 ML ML ML TL TL TL 26.9 21.8
flight 109 1,000 575 982,631 ML ML ML TL TL TL  216.5 53.4
uniprot 223 1,000 2,439 >2,437,556 ML ML ML TL TL TL ML | >5254.7
Results larger than 1,000 FDs are only counted TL: time limit of 4 hours exceeded MUL: memory limit of 100 GB exceeded

[A Hybrid Approach to Functional Dependency Discovery, T. Papenbrock, F. Naumann, SIGMOD, 2016] Slide 32
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Dataset Cols Rows  Size FIDs HyFD
4 [ MBl ]| [s/m/m/d
TPC-H.lineitem 16 6m 1,061 4k 4 m
PDB.POLY _SEQ 13 17m 1,256 68 3 m
PDB.ATOM_SITE 31 27 m 5,042 10k 64 m
SAP_R3.ZBC0O0DT 35 3 m 783 211 2 m
SAP_R3.ILOA 48 45 m 8,731 16 k 8 h
SAP_R3.CE4HIO1 65 2 m 649 2k 10 m
NCVoter.statewide 71 1 m 561 5 m 31 h
CD.cd 107 10k 5 30k 38

[A Hybrid Approach to Functional Dependency Discovery, T. Papenbrock, F. Naumann, SIGMOD, 2016] Slide 33
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HPLInformation-Systems | metanome-algorithms Owen w  fow Yrem o Hasso
Institut

Source ©o0e K Severs Momnome G profing SgorTens

- — - — e l::.."..'.l Dependency Algorithms | Algorithms
B o e e e 1 o (exact) (approximate)
: ' Unique Column Combination (UCC) 2 0
Inclusion Dependency (IND) 5 2
Functional Dependency (FD) 8 2
Order Dependency (OD) 1 0
Matching Dependency (MD) 2 0
Multi-valued Dependency (MvD) 1 0
Denial Constraints (DC) 1 0
Statistics 1 13
I T A
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Algorithms

A—-B

AcB

A»B

ABCD

‘ NEW HISTORY ABOUT

Choose algorithm )

Functional Dependency Algonthms

Inclusion Dependency Algorithms

BINDER 70
Divide and Conquer-based IND discovery

Order Dependency Algorithms

ORDER ra |
PLI-based OD discovery

Unique Column Combination Algorithms
HyUCC 70

-

Select datasource

File Input (choose 1)

MLR_abalone.csv

Abalone dataset from the UCI ML repository
MLR_adult.csv

Adult dataset from the UCI ML repository
MLR_breastcancer.csv

Breastcander dataset from the UCI ML repository
MLR_bridges.csv

Bridges dataset from the UCI ML repository
MLR_chess.csv

Chess dataset from the UCI ML repository
MLR_echocardiogram.csv

Echocardiogram dataset from the UCI ML repository

Datasets
20
Ol )
MZR. s
— A\
1
g
)
&
%,
.
ran |
V|

u A

Additional configuration

MAX_DETERMINANT_SIZE

G

¥ NULL_EQUALS_NULL
¥ VALIDATE_PARALLEL
¥ ENABLE_MEMORY_GUARDIAN

Result handling

@) Cache result and write it to disk when the algorithm is finished.
() Write result immediately to disk

() Just count the results.

Memory (in MB):

[Data Profiling with Metanome, T. Papenbrock, T. Bergmann, M. Finke, J. Zwiener, F. Naumann, VLDB, 2015]
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Backend

= Algorithm execution

Metz!no}ne

= Result & Resource
management @

Frontend
= Algorithm configuration

» Result & Resource
presentation @2

e

em—

Metanome Store

Configuration

Input Sources \ /Profiling Algorithm)

HyFD

DUCC

Resource Links

Results

v

jar

jar

SPIDER

DFD
jar

BINDER

/ jar

jar /

[Data Profiling with Metanome, T. Papenbrock, T. Bergmann, M. Finke, J. Zwiener, F. Naumann, VLDB, 2015]
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Metanome

Algorithm Research

s Anja Jentzsch (RDF)

= Arvid Heise (UCQO)

m Fabian Tschirschnitz  (IND)

s Felix Naumann (Research lead)

s Hazar Harmouch (Single Column Profiling)

= Jens Ehrlich (Conditional UCC)

m Jorge-Arnulfo (UCC, IND)

s Maximilian Grundke  (Conditional FD)

oS [l (AISRIIE LS (AN (Frontend) (Backend &rFrontend) (Backend)
= Philipp Langer (OD)

m Philipp Schirmer (MVD)

m Sebastian Kruse (IND, partial FD; Metadata Store)

m Thorsten Papenbrock (IND, UCC, FD, ...; Metanome)

s Tim Draeger (MVD)

m Tobias BleifuB (DC) carl AmBFoselli Ma or Vincent Schwarzer

m Ziawasch Abedjan (UCO) (Frontend) (Backend & Frontend) (Backend)



2019

2018

2017

2016

2015

2013

2011

DynFD: Functional Dependency Discovery in Dynamic Datasets

P. Schirmer, T. Papenbrock, S. Kruse, D. Hempfing, T. Mayer, D. Neuschafer-Rube, F. Naumann
An Actor Database System for Akka

S. Schmidl, F. Schneider, T. Papenbrock

Data Profiling — Synthesis Lectures on Data Management

Z. Abedjan, L. Golab, F. Naumann, T. Papenbrock

Detecting Inclusion Dependencies on Very Many Tables

F. Tschirschnitz, T. Papenbrock, F. Naumann

Data-driven Schema Normalization

T. Papenbrock, F. Naumann

A Hybrid Approach for Efficient Unique Column Combination Discovery

T. Papenbrock, F. Naumann

Fast Approximate Discovery of Inclusion Dependencies

S. Kruse, T. Papenbrock, C. Dullweber, M. Finke, M. Hegner, M. Zabel, C. Zéllner, F. Naumann
A Hybrid Approach to Functional Dependency Discovery

T. Papenbrock, F. Naumann

Data Anamnesis: Admitting Raw Data into an Organization

S. Kruse, T. Papenbrock, H. Harmouch, F. Naumann

Holistic Data Profiling: Simultaneous Discovery of Various Metadata

J. Ehrlich, M. Roick, L. Schulze, J. Zwiener, T. Papenbrock, F. Naumann

RDFind: Scalable Conditional Inclusion Dependency Discovery in RDF Datasets

S. Kruse, A. Jentzsch, T. Papenbrock, Z. Kaoudi, J. Quiané-Ruiz, F. Naumann

Approximate Discovery of Functional Dependencies for Large Datasets

T. BleifuB, S. Bllow, J. Frohnhofen, J. Risch, G. Wiese, S. Kruse, T. Papenbrock, F. Naumann
Functional Dependency Discovery: An Experimental Evaluation of Seven Algorithms
T. Papenbrock, J. Ehrlich, J. Marten, T. Neubert, J. Rudolph, M. Schénberg, J. Zwiener, F. Naumann
Data Profiling with Metanome

T. Papenbrock, T. Bergmann, M. Finke, J. Zwiener, F. Naumann

Divide & Conquer-based Inclusion Dependency Discovery

T. Papenbrock, S. Kruse, J. Quiané-Ruiz, F. Naumann

Scaling Out the Discovery of Inclusion Dependencies

S. Kruse, T. Papenbrock, F. Naumann

Progressive Duplicate Detection

T. Papenbrock, A. Heise, F. Naumann

Ein Datenbankkurs mit 6000 Teilnehmern

F. Naumann, M. Jenders, T. Papenbrock

Duplicate Detection on GPUs

B. Forchhammer, T. Papenbrock, T. Stening, S. Viehmeier, U. Draisbach, F. Naumann
BlackSwan: Augmenting Statistics with Event Data

J. Lorey, F. Naumann, B. Forchhammer, A. Mascher, P. Retzlaff, A. Zamani Farahani, S. Discher,
C. Fahnrich, S. Lemme, T. Papenbrock, R. C. Peschel, S. Richter, T. Stening, S. Viehmeier

(EDET) Hasso
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Challenges in Distributed Computing




Query Optimization
(with Jan Kossmann, EPIC Chair)

Data Cleaning
(with Ioannis Koumarelas, IS Chair)

Application

Distributed UCC Discovery
(with Martin Schirneck, AE Chair)

Distributed FD Discovery
(with Felix Naumann, IS Chair)

Distribution

Matching Dependency Discovery
(with Philipp Schirmer, Bakdata)

Denial Constraint Discovery
(with Eduardo Pena, IS Chair)

Discovery

Reliable Distributed Systems
(MA seminar, WS 2019)

Mining Streaming Data
(MA seminar, WS 2019)

Robustness




The Standard Batch Approach

APACHE é J\Z
STORM Spoﬂ( =-==ia

Apache Flink

BINDER partition

W

Bucketizer < Validator

dms os

Candidate

meta data
| Generator -
results

dataset

Distribution




The Standard Batch Approach * =[a/a]a]n)

iR
[)2) APACHE @ J*Z
— STORM SprK

Apache Flink

Transformation
Pipeline User Defined Function

UDF UDF

UDF UDF UDF UDF UDF

[Scaling Out the Discovery of Inclusion Dependencies,

Distribution S. Kruse, T. Papenbrock, F. Naumann, BTW, 2015] Slide 43




APACHE

STORM"

Apache Flink

S

APACHE

oark

Y
input tuples cells p::acz,;l::ga:tei?m pargtlict'izi::ing attribute sets
(“Thriller”, 4, //t (‘Thriller”, {2)) (“Thriller”, {a,t}) ‘/ »> (%.{p}) |‘\~\ . attribute sets  inclusion lists partition aggregate splitinto
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