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• Data reverse-engineering
• Uniques are candidates keys

(Non-)Uniques in Practice

• Data quality monitoring
• Anomaly detection
• Reactive duplicate detection

•Database administration
• Indexing
• Query optimization

• Identifying dependencies (in unknown data)
• Life science data
• Sensor data

A B C D E 

A B G 

B C D E 

A G 



Big Data













Problem?
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Discovering (Non-)Uniques
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• 10 columns  1,023 combinations
• 50 columns  1,125,899,906,842,623 combinations
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Discovering (Non-)Uniques

Discovery of all (non-)uniques is NP-Hard





NP-Hard!
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Graph Holes



Effects of Aggressive Pruning

A B C D E 

AB AC AD AE BC BD BE CD CE DE 

ABC ABD ABE ACD ACE ADE BCD BCE BDE CDE 

ABCD ABCE ABDE ACDE BCDE 

ABCDE 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

minimal  
unique 

unique 

maximal 
non-unique 

non-unique 



Effects of Aggressive Pruning

A B C D E 

AB AC AD AE BC BD BE CD CE DE 

ABC ABD ABE ACD ACE ADE BCD BCE BDE CDE 

ABCD ABCE ABDE ACDE BCDE 

ABCDE 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

mnUccc ≠ mUcc

minimal  
unique 

unique 

maximal 
non-unique 

non-unique 



Fast Checking



Position List Index



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}

{r1, A1}
{r2, A1}
{r3, A2}
{r4, A2}

build (First)



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}

{r1, A1}
{r2, A1}
{r3, A2}
{r4, A2}

build (First) probe(City)



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}

{r1, A1}
{r2, A1}
{r3, A2}
{r4, A2}

{r1, A1B1}
{r2, A1B1}
{r4, A2B1}

build (First) probe(City)

result



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}

{r1, A1}
{r2, A1}
{r3, A2}
{r4, A2}

{r1, A1B1}
{r2, A1B1}
{r4, A2B1}

build (First) probe(City)

result
new 
PLI {r1, r2}



Position List Index

• First: {Al -> {r1, r2}, Peggy -> {r3, r4}}
• City: {Chicago -> {r1, r2, r4}}
• ...
• First: {{r1, r2}, {r3, r4}}
• City: {{r1, r2, r4}}
• ...

= {A1, A2}
=      {B1}

{r1, A1}
{r2, A1}
{r3, A2}
{r4, A2}

{r1, A1B1}
{r2, A1B1}
{r4, A2B1}

build (First) probe(City)

result

checks in < 1ms

new 
PLI {r1, r2}



Results
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Scaling the Number of Rows (w. 15 cols)

●

●

●

lo
g 

E
xe

cu
tio

n 
Ti

m
e 

(s
)

Number of Rows

10,000 100,000 1,000,000 6,001,215
1

10

100

1000

10000
GORDIAN
HCA
DUCC

TPC-H 



Solution Space and Checks
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DUCC: Discovery of Unique Column Combinations
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DUCC: Discovery of Unique Column Combinations

• DUCC is up to more than 2 orders of magnitude faster 
than state-of-the-art
• DUCC efficiently follows the border line 
(solution set size dependent)


