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ƴFunctional Dependency ZIP Ą City  

Ǐ ὸᶅȟὸᶰὙȡ ὸȢᾀὭὴὸȢᾀὭὴ᷈ὸȢὧὭὸώὸȢὧὭὸώ 

ƴOrder Dependency  

Ǐ ὸᶅȟὸᶰὙȡ ὸȢὨὥὸὩὸȢὨὥὸὩ᷈ὸȢὴέὴόὰὥὸὭέὲὸȢὴέὴόὰὥὸὭέὲ 

ƴSame state, more income, lower tax rate  

Ǐ ὸᶅȟὸᶰὙȡ ὸȢίὸὥὸὩὸȢίὸὥὸὩὸ᷈ȢὭὲὧέάὩὸȢὭὲὧέάὩὸ᷈ȢὸὥὼὙὥὸὩὸȢὸὥὼὙὥὸὩ 

ƴCross -column predicates  

Ǐ ὸᶅᶰὙȡ ὸȢέὴὩὲὭὲὫὝὭάὩ ὸȢὧὰέίὭὲὫὝὭάὩ 

ƴTrump -Rule  

Ǐ ὸᶅᶰὙȡ ὸȢὲὥάὩȵὝὶόάὴȰὸ᷈ȢὸὥὼὙὥὸὩπ 

 

Motivation  
Expressiveness of Denial Constraints  
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Motivation  
Why Denial Constraints?  
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Balance  
expressive power 

and complexity  

Why not even 
higher expressive -
ness? (e.g. general 
first order logic)  

Search space  

Reasoning  

Higher 
expressiveness  

Enables expression 
of business rules 
that cannot be 
expressed with 
more restrictive ICs  

Versatility  

Generalization  of 
many other ICs  

 

Fast DC discovery  

+ Classification Ą 

 

Fast discovery of 
other ICs  
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ƴDCs are useful in applications of ICs, i.e. data cleansing (repair):  

 

 

 

 

Motivation  
Unified View for Repairs  
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Repairing 
IC types in 

isolation  

ƴExample  

ǏFD phone Ą city  

ǏUCC zip,city  

 

Unified 
view 

through 
DCs  

Violating IC of another type  

Non - optimal repair  

Different result for different 
order of repairs  

References  
ÅChu et al .: 

"Holistic data 
cleaning: Putting 
violations into 
context.ò (2013) 

ÅGeerts  et al. "The 
LLUNATIC data -
cleaning 
framework." 
(2013)  

ZIP  City  Phone  

123  Berlin  030  

123  Potsdam  030  Tobias Bleifuß 
17.07.17  

Denial Constraints  



Motivation  
Example  
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Key :{ AC,PH}

Domain :MS Î {S,M}

FD :ZIPST

CFD :CT = LosAngelesST= CA

Check :SAL ³ STX

Business logic  

Denial Constraints  



Á A DC expresses that a set of predicates cannot be true together 

for any combination of tuples in a relation  

Á Each predicate expresses a relationship between two cells, or 

between a cell and a constant  

 

Denial Constraints (DCs)  
Formal Definition  
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•ȡᶅὸȟὸȟȣᶰὙȡ  ὴ ᷈ ȣ ὴ᷈  

ὴȡὸȢὃ ‰ ὸȢὄ έὶ ὸȢὃ ‰ ὧ 

ὼȟώɴ ȟȟȣ  ὃȟὄᶰὙ ὧ is a constant  ‰ is a built - in operator  
(in our case ȟȟȟȟȟ  



ƴEasy violation detection using SQL 

ƴProven useful in:  

Data repairing, consistent query answering, and data currency rules  

ƴA set of sound and powerful inference rules  

Motivation  
Why Denial Constraints ? II  
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DC Axioms  
Triviality  
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Rule:  

Example:  

Denial Constraints  

ὴ ὴ 

ὴᶅȟὴȡ if ὴᶰὍάὴὴ , then ὴ ὴ᷈  is a trivial DC  

ὴȡὸȢὛὃὒὸȢὛὃὒ 

Ὅάὴὴ ὸȢὛὃὒὸȢὛὃὒ, ὸȢὛὃὒὸȢὛὃὒ, ὸȢὛὃὒὸȢὛὃὒ}  



DC Axioms  
Augmentation  
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Not Minimal  

Rule:  

Example:  

Denial Constraints  

If ὴ  ᷈ȣ ὴ᷈  is valid, then ὴ  ᷈ȣ ὴ᷈ ή᷈ is also valid   



DC Axioms  
Transitivity  
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Rule:  

Example:  

Denial Constraints  

If ὴ  ᷈ȣ ὴ᷈ ή᷈ , and ὶ  ᷈ȣ ὶ᷈ ή᷈  are valid, and 
Ñ ᶰὍάὴή , then ὴ  ᷈ȣ ὴ᷈ ὶ᷈  ᷈ȣ ὶ᷈  is valid  

ή 

ή 



ƴGiven:  

Problem Statement  
Denial Constraint Discovery  
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Relational 
Instance I  

Predicate 
Space P  

ƴTask: Find all minimal, non - trivial DCs over the given 
predicate space P valid on I  

ƴTrivial:  ὸᶅȟὸȡ ὸȢὃ ὸȢὃ ὸ᷈Ȣὃ ὸȢὃ 

ƴMinimal:  ὸᶅȢὸȡ ὸȢὃ ὸȢὃ ᵼ ᶅὸȢὸȡ ὸȢὃ ὸȢὃ  ᷈ȣ  

A B 

1 3 

2 2 

ƴὸȢὃ ὸȢὃ 

ƴὸȢὃ ὸȢὃ 

ƴὸȢὄ ὸȢὄ 

ƴὸȢὃ ὸȢὄ 

ƴé 

ƴNo constants  

ƴOperators: ȟȟȟȟȟ  

ƴAt most two tuples ὸȟὸ  

ƴMust be negation closed  
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FastDC  
Overview  
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Xu Chu, Ihab  F Ilyas, and  Paolo Papotti . Discovering  Denial  Constraints . In Proceedings  of  the  
VLDB Endowment , 2013.  
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Overview  
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FastDC  
Predicate Space Generation  

Slide 14  

Column A  Column B  

=  

Í 

<  

>  

Ó 

Ò 

ñjoinableò? 

Ą need to share common values  

ñcomparableò? 

Ą are means in same 

order of magnitude?  

t 1  

t 2  

t 1  

t 2  

ƴAre columns of the 
same domain?  Tobias Bleifuß 

17.07.17  
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FastDC  
Predicate Space Generation  
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▬╘▀ ▬╪►◄▪▄► ▐╘▪╬ 

ὸ n1  n2  60000  

ὸ n2  n1  60000  

ὸ n3  n5  40000  

ὸ n6  n7  40000  

ƴὴȡὸȢὴὍὨὸȢὴὍὨ 

ƴὴȡὸȢὴὍὨὸȢὴὍὨ 

ƴὴȡὸȢὴὥὶὸὲὩὶὸȢὴὥὶὸὲὩὶ 

ƴὴȡὸȢὴὥὶὸὲὩὶὸȢὴὥὶὸὲὩὶ 

ƴὴȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴ ȡὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὴ ȡὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 

ƴὴ ȡὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 

 

ƴὴ ȡὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 

ƴὴ ȡὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 
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FastDC  
Overview  
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ƴFor every tuple pair calculate set of satisfied 

predicates  

ƴResult: set of predicate sets (ñevidence setò) 

FastDC  
Evidence Set Generation  
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ƴCompares each tuple pair  
Ą quadratic complexity in the number of tuples L 

ƴὸȢὴὍὨὸȢὴὍὨ 

ƴὸȢὴὥὶὸὲὩὶ
ὸȢὴὥὶὸὲὩὶ 

ƴὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὸȢὬὍὲὧὸȢὬὍὲὧ 

ƴὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 

ƴὸȢὴὍὨὸȢὴὥὶὸὲὩὶ 

 

▬╘▀ ▬╪►◄▪▄► ▐╘▪╬ 

ὸ n1  n2  60000  

ὸ n2  n1  60000  

ὸ n3  n5  40000  

ὸ n6  n7  40000  
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FastDC  
Overview  
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ƴDefinition: 8 ὴȟȣȟὴ  is a minimal set cover for the evidence set ὉὺὭ if 

ὉᶅᶰὉὺὭȡὢ᷊Ὁ ,ɲ and ὣɰṒὢȡᶅὉᶰὉὺὭȡὣ᷊ Ὁ .ɲ  

ƴTheorem: ὴ Ễ᷈ ὴ᷈  is a valid minimal DC iff  8 ὴȟȣȟὴ  is a 

minimal set cover for the evidence set.  

 

ƴ8 is a cover for ὉὺὭ ᵼ ὴ Ễ᷈ ὴ᷈  is a valid DC: The elements of ὉὺὭ 

represent all possible violations of a DC, for every ὉᶰὉὺὭ there exists one 

ὴ such that ὴᶰὉ and therefore ὴᶱὉ 

ƴ ὴ Ễ᷈ ὴ᷈  is a valid DC ᵼ 8 is a cover for ὉὺὭ: No tuple pairs fulfills ὴto 

ὴtogether, so for every tuple pair there is one ὴ that is not part of the 

corresponding evidence. Thus ὴ is part of the evidence and the evidence 

is covered by ὢ.  

FastDC  
Minimal Cover Search  
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ƴTheorem: ὴ Ễ᷈ ὴ᷈  is a valid minimal DC iff  8 ὴȟȣȟὴ  is a 

minimal set cover for the evidence set.  

FastDC  
Minimal Cover Search  
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ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  ὴ  

-  +  -  +  +  -  -  +  -  +  +  -  -  +  

-  +  -  +  +  -  -  +  -  +  -  +  -  +  

-  +  -  +  -  +  +  -  -  +  +  -  -  +  

-  +  -  +  -  +  -  +  +  -  +  -  -  +  

ƴ▬ ὸȢὴὍὨὸȢὴὍὨ Ą ὸᶅȟὸȡ ὸȢὴὍὨὸȢὴὍὨ 

ƴ▬ȟ▬ ȟ = ὸȢὴὍὨὸȢὴὥὶὸὲὩὶȟὸȢὬὍὲὧὸȢὬὍὲὧ  

Ą ᶅὸȟὸȡ ὸȢὴὍὨὸȢὴὥὶὸὲὩὶὸ᷈ȢὬὍὲὧὸȢὬὍὲὧ 
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ƴTheorem: ὴ Ễ᷈ ὴ᷈  is a valid minimal DC iff  8 ὴȟȣȟὴ  is a 

minimal set cover for the evidence set.  

FastDC  
Minimal Cover Search  
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ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  ὴ  

-  +  -  +  +  -  -  +  -  +  +  -  -  +  

-  +  -  +  +  -  -  +  -  +  -  +  -  +  

-  +  -  +  -  +  +  -  -  +  +  -  -  +  

-  +  -  +  -  +  -  +  +  -  +  -  -  +  

0  4  0  4  2  2  1  3  1  3  3  1  0  4  

ƴDFS + branch pruning + search heuristic:  
sort predicates by descending frequency in the evidence set  
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DFS  

 

FastDC  
Minimal Cover Search  
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count  

ὴ 4 

ὴ 4 

ὴ  4 

ὴ  3 

é é 

ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  ὴ  

-  +  -  +  +  -  -  +  -  +  +  -  -  +  

-  +  -  +  +  -  -  +  -  +  -  +  -  +  

-  +  -  +  -  +  +  -  -  +  +  -  -  +  

-  +  -  +  -  +  -  +  +  -  +  -  -  +  

ƴὴ ὸȢὴὍὨὸȢὴὍὨ Ą ὸᶅȟὸȡ ὸȢὴὍὨὸȢὴὍὨ 
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DFS  

 

FastDC  
Minimal Cover Search  
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count  

ὴ 4 

ὴ 4 

ὴ  4 

ὴ  3 

é é 

ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  ὴ  

-  -  +  +  -  -  +  -  +  +  -  -  +  

-  -  +  +  -  -  +  -  +  -  +  -  +  

-  -  +  -  +  +  -  -  +  +  -  -  +  

-  -  +  -  +  -  +  +  -  +  -  -  +  

ƴὴ ὸȢὴὥὶὸὲὩὶὸȢὴὥὶὸὲὩὶ  
Ą ὸᶅȟὸȡ ὸȢὴὥὶὸὲὩὶὸȢὴὥὶὸὲὩὶ  

ƴὴ ὸȢὴὍὨὸȢὴὥὶὸὲὩὶ}  
Ą ὸᶅȟȡ ὸȢὴὍὨὸȢὴὥὶὲὸὩὶ Tobias Bleifuß 

17.07.17  
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DFS  

 

FastDC  
Minimal Cover Search  
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count  

ὴ 4 

ὴ 4 

ὴ  4 

ὴ  3 

é é 

ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  

-  -  +  -  -  +  -  +  +  -  -  

-  -  +  -  -  +  -  +  -  +  -  

-  -  -  +  +  -  -  +  +  -  -  

-  -  -  +  -  +  +  -  +  -  -  

 Filter  

ὴ ὴ ὴ ὴ ὴ ὴ ὴ ὴ  ὴ  ὴ  ὴ  

-  -  +  -  -  +  -  +  -  +  -  

ƴὴ ȟὴ  Ą ὸᶅȟὸȡ ὸȢὴὍὨὸȢὴὥὶὸὲὩὶὸ᷈ȢὴὍὨὸȢὴὥὶὸὲὩὶ 

ƴὴ ȟȟὴ  Ą ᶅὸȟὸȡ ὸȢὴὍὨὸȢὴὥὶὸὲὩὶὸ᷈ȢὬὍὲὧὸȢὬὍὲὧ 
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FastDC  
Minimal Cover Search  
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Chart 25  

ƴ In FastDC  paper: more 
advanced search strategy that 
divides the space of DCs in 
multiple smaller subspaces  


