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The Theory Extraction Problem 

Local Pattern Mining as Theory Extraction 
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The Theory Extraction Problem 

Theory Extraction Problem – Additional Restrictions 
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The Theory Extraction Problem 

Examples 

some data mining problems which are instances of the theory extraction 
problem:  

- association rule mining 
- frequent set mining 
- frequent episode mining 
- subgroup discovery 
- frequent connected subgraph mining 
- track mining 
- ... 



 

5 

 

PhD Course, Szeged, 2013 - © T.Horvath  

The Theory Extraction Problem 

Example I: Association Rule Mining  

 discovery of interesting relations between binary attributes, called items, in 
large databases 

example of an association rule extracted from supermarket sales: 

 “Customers who buy cereals and sugar also tend to buy milk.” 

- only rules with support and confidence above some minimal thresholds are 
extracted 
 support: proportion of customers who bought the three items among all customers 
 confidence: proportion of customers who bought milk among the customers who 

bought cereals and sugar 
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The Theory Extraction Problem 

Example I: Association Rule Mining  
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The Theory Extraction Problem 

Example II: Frequent Itemset Mining 

 discovery of sets of items (columns) that are subsets of at least t 
transactions (rows) in a binary matrix 

Example: 

TID Items 

1 Bread, Milk 

2 Bread, Diaper, Beer, Eggs 

3 Milk, Diaper, Beer, Coke  
4 Milk, Bread, Diaper, Beer 

5 Milk, Bread, Diaper, Coke  
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The Theory Extraction Problem 

Example II: Frequent Itemset Mining  
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The Theory Extraction Problem 

Example III: Frequent Episodes  



 

10 

 

PhD Course, Szeged, 2013 - © T.Horvath  

The Theory Extraction Problem 

Example III: Frequent Episodes  
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The Theory Extraction Problem 

Example III: Frequent Episodes  



 

12 

 

PhD Course, Szeged, 2013 - © T.Horvath  

The Theory Extraction Problem 

Example IV: Frequent Connected Subgraph Mining  
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The Theory Extraction Problem 

Some Remarks on the Theory Extraction Problem 
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The Theory Extraction Problem 

The Levelwise Algorithm 

 [Agrawal, Mannila, Srikant, Toivonen, & Verkamo, 1996] 

 developed for the theory extraction problem restricted to anti-monotone 
interestingness predicates w.r.t. the partial order on the pattern language 

 starting from the most generel sentences, generate and evaluate more and 
more special sentences 

- breadth-first search 
- do not evaluate those sentences that cannot be interesting given the set of 

interesting sentences computed earlier 
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The Theory Extraction Problem 

The Levelwise Algorithm 
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The Theory Extraction Problem 

Complexity of Finding All Interesting Sentences 

 we consider the restricted theory extraction problem  

- i.e., partially ordered pattern language and anti-monotone interestingness 
predicate 

 real-world applications:  

- main effort in generating the theory is in the evaluation of the interestingness 
predicate qD against the database 

 we want to analyse the complexity of generating all interesting sentences 
in terms of the number of evaluations of the interestingness predicate 

- we show that it depends not only on the cardinality of the theory (i.e., set of 
interesting sentences), but also on the cardinality of the border of theory 
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The Theory Extraction Problem 

Borders of Theories 
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The Theory Extraction Problem 

Positive and Negative Borders 
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The Theory Extraction Problem 

Example 
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The Theory Extraction Problem 

Complexity of Finding All Interesting Sentences 
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The Theory Extraction Problem 

Complexity of Finding All Interesting Sentences 
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The Theory Extraction Problem 

Proof of the Theorem 
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The Theory Extraction Problem 

Proof of the Theorem 
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The Theory Extraction Problem 

Summary 

 many practical pattern mining problems: 
- special cases of the theory extraction problem 

 further restriction: partial order on the pattern language and an anti-
monotone interestingness predicate w.r.t. the partial order 

- also satisfied by many practical problems    

 levelwise algorithm 
- generates all interesting patterns 
- number of evaluations of the interestingness predicate is  

 cardinality of the theory + cardinality of the negative border 

 cardinality of the border is a sharp lower bound on the number of evaluations 
of the interestingness predicate by any algorithm accessing the data only by 
means of the evaluation of the interestingness predicate 


	The Levelwise Search Algorithm
	Local Pattern Mining as Theory Extraction
	Theory Extraction Problem – Additional Restrictions
	Examples
	Example I: Association Rule Mining 
	Example I: Association Rule Mining 
	Example II: Frequent Itemset Mining
	Example II: Frequent Itemset Mining 
	Example III: Frequent Episodes 
	Example III: Frequent Episodes 
	Example III: Frequent Episodes 
	Example IV: Frequent Connected Subgraph Mining 
	Some Remarks on the Theory Extraction Problem
	The Levelwise Algorithm
	The Levelwise Algorithm
	Complexity of Finding All Interesting Sentences
	Borders of Theories
	Positive and Negative Borders
	Example
	Complexity of Finding All Interesting Sentences
	Complexity of Finding All Interesting Sentences
	Proof of the Theorem
	Proof of the Theorem
	Summary

