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Motivation
Example Data
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Index Name Evolution Size Sex Type Weakness
25 Pikachu Raichu 0.4 m m/w electric ground

26 Raichu null 0.8 m m/w electric ground

29 Nidoran Nidorino 0.5 m m poison ground

32 Nidoran Nidorina 0.4 m w poison ground

37 Vulpix Ninetails 0.6 m m/w ice fire

37 Vulpix Ninetails 0.6 m m/w fire water

38 Ninetails null 1.1 m m/w fire water

63 Abra Kadabra 0.9 m m/w psychic ghost

64 Kadabra Alakazam 1.3 m m/w psychic ghost

65 Alakazam null 1.5 m m/w psychic ghost

150 Mewtwo null 2.0 m null psychic ghost
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Not unique!
See also: Kanto, Johto, Kalos
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total
20 1
19 1 20
18 1 19 190
17 1 18 171 1140
16 1 17 153 969 4845
15 1 16 136 816 3876 15504
14 1 15 120 680 3060 11628 38760
13 1 14 105 560 2380 8568 27132 77520
12 1 13 91 455 1820 6188 18564 50388 125970
11 1 12 78 364 1365 4368 12376 31824 75582 167960
10 1 11 66 286 1001 3003 8008 19448 43758 92378 184756
9 1 10 55 220 715 2002 5005 11440 24310 48620 92378 167960
8 1 9 45 165 495 1287 3003 6435 12870 24310 43758 75582 125970
7 1 8 36 120 330 792 1716 3432 6435 11440 19448 31824 50388 77520
6 1 7 28 84 210 462 924 1716 3003 5005 8008 12376 18564 27132 38760
5 1 6 21 56 126 252 462 792 1287 2002 3003 4368 6188 8568 11628 15504
4 1 5 15 35 70 126 210 330 495 715 1001 1365 1820 2380 3060 3876 4845
3 1 4 10 20 35 56 84 120 165 220 286 364 455 560 680 816 969 1140
2 1 3 6 10 15 21 28 36 45 55 66 78 91 105 120 136 153 171 190
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Motivation
UCC Discovery
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UCC Discovery Alternative
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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

Ø ¬{Surname, Postcode, City, Mayor}
Ø ¬{Name, Postcode, City, Mayor}
Ø ¬{Surname}

{Name, Surname}
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Datasets are long!
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column-efficient row-efficient

Same idea as of:
Thorsten Papenbrock, Felix Naumann, 

A Hybrid Approach to Functional Dependency Discovery. 
SIGMOD Conference 2016: 821-833
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Experimental Evaluation
Datasets

Runtime in seconds on several real-world datasets

HyFD: Thorsten Papenbrock; Felix Naumann: A Hybrid Approach to Functional Dependency Discovery. 
In: Proceedings of the International Conference on Management of Data (SIGMOD). 2016.

DUCC: Arvid Heise; Jorge-Arnulfo Quiane-Ruiz; Ziawasch Abedjan; Anja Jentzsch; Felix Naumann: 
Scalable Discovery of Unique Column Combinations. In: Proceedings of the International Conference on 
Very Large Databases (VLDB), 2013.

32 threads
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Experimental Evaluation
Column Scalability

DUCC HyUCC HyUCC	parallel UCCs
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Experimental Evaluation
Row Scalability

DUCC HyUCC HyUCC	parallel UCCs



Motivation
Finding a Key

Thorsten Papenbrockhttp://bulbapedia.bulbagarden.net

Index Name Evolution Size Sex Type Weakness
25 Pikachu Raichu 0.4 m m/w electric ground

26 Raichu null 0.8 m m/w electric ground

29 Nidoran Nidorino 0.5 m m poison ground

32 Nidoran Nidorina 0.4 m w poison ground

37 Vulpix Ninetails 0.6 m m/w ice fire

37 Vulpix Ninetails 0.6 m m/w fire water

38 Ninetails null 1.1 m m/w fire water

63 Abra Kadabra 0.9 m m/w psychic ghost

64 Kadabra Alakazam 1.3 m m/w psychic ghost

65 Alakazam null 1.5 m m/w psychic ghost

150 Mewtwo null 2.0 m null psychic ghost

Unique: {Name, Sex, Type}



column-efficient row-efficient

HyUCC

A Hybrid Approach for Efficient 
Unique Column Combination Discovery

Thorsten Papenbrock and Felix Naumann



30
www.metanome.de

Thorsten Papenbrock

Experimental Evaluation
Metanome Profiling Tool
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© http://4electric.de © http://indiancarsbikes.in

Tane

Fun
FDMine

DFD

Fdep

DepMiner
FastFDs

© www.expresswaytoyota.com

HyFD

FD Discovery Algorithms

[Huhtala1999]

[Novelli2001]

[Yao2008]

[Abedjan2014]

[Wyss2001]

[Lopes2000]

[Flach1999]
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8 columns

9 columns

10 columns

© Arvid Heise

Datasets are wide!
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total: 0 2 9 28 75 186 441 1016 2295 5110 11253 24564 53235 114674 245745 524272 1114095
17 0
16 0 17
15 0 16 272
14 0 15 240 2040
13 0 14 210 1680 9520
12 0 13 182 1365 7280 30940
11 0 12 156 1092 5460 21840 74256
10 0 11 132 858 4004 15015 48048 136136
9 0 10 110 660 2860 10010 30030 80080 194480
8 0 9 90 495 1980 6435 18018 45045 102960 218790
7 0 8 72 360 1320 3960 10296 24024 51480 102960 194480
6 0 7 56 252 840 2310 5544 12012 24024 45045 80080 136136
5 0 6 42 168 504 1260 2772 5544 10296 18018 30030 48048 74256
4 0 5 30 105 280 630 1260 2310 3960 6435 10010 15015 21840 30940
3 0 4 20 60 140 280 504 840 1320 1980 2860 4004 5460 7280 9520
2 0 3 12 30 60 105 168 252 360 495 660 858 1092 1365 1680 2040
1 0 2 6 12 20 30 42 56 72 90 110 132 156 182 210 240 272

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Number of attributes: n
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Datasets are wide!
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The Hybrid Algorithm
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column-efficient row-efficient
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§ Algorithm execution
§ Result & Resource

management

§ Algorithm configuration
§ Result & Resource

presentation

Configuration

Resource Links
HyFD
jar

txt tsv

xml
csv

DB2
DB2

MySQLResults DFD
jar

HyUCC
jar

BINDER
jar

DUCC
jar

www.metanome.de

Thorsten Papenbrock

Experimental Evaluation
Metanome Profiling Tool


