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Provenance for database transformations 
or  
an algebraic view of annotated data 
 

Val Tannen et al : “Provenance Semirings”  
[GreenKarvounarakis&T PODS 07]   
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MOTIVATION 

Annotations capture: 
 PROVENANCE 

 UNCERTAINTY 

 TRUST 

 SECURITY 

 MULTIPLICITY 

Semirings bring: 
Operations for annotation propagation in a uniform 

view and with good properties 
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FORMALIZATION  
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REQUIRED LAWS ON K  

Equivalent queries should produce the same 
annotations 
 Union is associative and commutative  

 Join is associative, commutative and distributes over union 

 Projection and selection commute with each other and with 
union and join (when applicable) 

Theorem: 
 Above identities holds for queries on K-relations iff (K, +, ., 1,0) 

is a commutative semiring 
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BEYOND TUPLE ANNOTATIONS  
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Useful to evaluate the polynomials 
 by mapping X to K and extending it to an homomorphism from 

N[X] to K :  
 h(p1 +p2) = h(p1) + h(p2)  h(p1.p2)= h(p1).h(p2) 

 h(1) = 1    h(0) = 0 

 to obtain: 
 trust scores  

 multiplicity 

 uncertainty values 

 access control levels 

Useful to hide detail and increase abstraction 
 by mapping provenance tokens, many to few 

 Stop tracking tokens by mapping them to 1 (neutral) 

HOMOMORPHISMS  
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q(h(R)) = h(q(R)) 
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(Direct) application to multiplicity: bag semantics 

h (with p = 2,  
r=5, s =1)  

eval with p = 2, r=5, s =1  
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Application to c-tables: boolean conditions used as 
annotations for modeling incomplete databases 
 

h (with p = b1,  
r=b2, s =b3)  

eval  
with p = b1, r=b2, s =b3 
(using  ∨ for ‘+’ and ∧ for ‘. ’) 

q 

q 
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Application to event tables:  probabilistic databases 
 

h (with p = X,  
r=Y, s = Z)  

eval  
with p = X, r=Y, s =Z 
(using  ∪ for ‘+’ and ∩ for ‘. ’) 

q 

q 
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CONCLUSION 

Provenance is the basis for : 
 UNCERTAINTY 

 TRUST 

 SECURITY 

 MULTIPLICITY 

  The semiring (N[X], +, ., 0, 1) is the algebraic 
foundation for computing provenance over 
queries 

Homomorphisms are the tools for evaluating 
provenance in different settings 
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