
PHM: Mining Periodic High-utility Itemsets 
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High-utility itemset mining 
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Input  

      a transaction database                             a unit profit table 

 

 

 

 

 

 

 

minutil: a minimum utility threshold  set by the user   (a positive integer) 



High-utility itemset mining 
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Input  

      a transaction database                             a unit profit table 

 

 

 

 

 

 

 

minutil: a minimum utility threshold  set by the user   (a positive integer) 

Output 

      All high-utility itemsets (itemsets having a utility ≥ 𝑚𝑖𝑛𝑢𝑡𝑖𝑙) 
    For example, if minutil = 33$,  the high-utility itemsets are: 

{b,d,e}     36$    

2 transactions 

{b,c,d}  34$ 

2 transactions 

{b,c,d,e}   40$ 

2 transactions 

{b,c,e}  37 $ 

3 transactions 



Utility calculation 
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The utility of the itemset {b,d,e} is calculated as follows: 

 

           

 

 

u({b,d,e}) = (5x2)+(3x2)+(3x1)  + (4x2)+(2x3)+(1x3)    =  36$ 

utility in 

transaction T1 
utility in 

transaction T2 

Input  

      a transaction database                             a unit profit table 

 



Problem 

  High-utility itemset mining  

– is useful for discovering profitable itemsets. 

– but not designed for discovering recurring 
customer behavior 

– e.g. a customer buy {wine, cheese} every week 
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Periodic 

patterns 
High utility 

patterns 
Periodic 

 high-utility 

patterns 

We propose a new type of patterns:     



How to measure the periodicity? 

Several studies:  

– PFP-Tree, MKTPP, ITL-Tree, PF-tree, MaxCPF 

– In general, a periodic pattern has no period 
greater than a maximum periodicity threshold 
(maxPer), set by the user. 
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Period of an itemset 
 

The number of transactions between each occurrence of an itemset 

 

2 

1 

e.g. The periods of the itemset {a,c} are:  1,2,2,1,1 

 

        

1 

2 

1 

The maximum period of {a,c}:   2  7 



Period of an itemset 
 

The number of transactions between each occurrence of an itemset 
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e.g. The periods of the itemset {a,c} are:  1,2,2,1,1 
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The maximum period of {a,c}:   2  8 



Limitation 

• An itemset is automatically discarded as non 
periodic if it has a single period of length 
greater than the maxPer threshold 

 

• Our solution:  two novel measures: 

– Average periodicity 

– Minimum periodicity  (which excludes the first and last periods) 
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Novel definition of periodic pattern 

  An itemset X is periodic if: 

– minAvg ≤ avgper(X) ≤ maxAvg 

– Minper(X) ≥ minPer 

– Maxper(X) ≤ maxper 
 

where  minAvg, maxAvg, minPer, maxPer are 
parameters set by the user. 
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These new parameters give more flexibility to the user. 



Example 

 

11 

Minimum 

periodicity 

Maximum 

periodicity 
Average 

periodicity 
Number of 

occurrences 



Theoretical results 
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First lemma is an efficient way of calculating the average periodicity. 

Theorem 3 & 4  are  used to reduce the search space. 



The PHM algorithm 
• An algorithm for mining periodic high utility-itemsets 

• It performs a depth-first search. 

 

 

 

 

 

 

 

 

• It applies the theorems to prune the search space. 

 

 

 

 

 

 

 

13 



The PHM algorithm (cont’d) 

• The algorithm is inpsired by the FHM algorithm for 
high-utility itemset mining. 

• PHM annotates each itemset with its list of 
transactions (tid-list) 

     e.g. the tid-list of {a,c} is T1,T3, T5, T6 

                   the tid-list of {d} is T3, T4, T5 

   the tid-list of {a,c,d} is T3, T5 

• Tid-lists allows quickly calculating the periods of 
any itemset. 

• The tid-list of any itemset can be calculated by 
intersecting tid-lists of smaller itemsets. 14 
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Pseudocode 



Experimental Evaluation 

Datasets’ characterictics 
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Dataset transaction count distinct item count average 
transaction length 

Retail 88,162 16,470 10.30 

Chainstore 1,112,949 46,086 7.26 

Foodmart 1,559 4,141 4.4 

Mushroom 8,124 120 23 

 

Retail, Foodmart and Chainstore are real-life transaction datasets from retail stores. 

 

Mushroom is a dense dataset with long transactions 



Experimental Evaluation 

• We compared PHM with the state-of-the-art FHM 
algorithm for high-utility itemset mining. 

 

• FHM find all high-utility itemsets 

• PHM V-W-X-Y denotes the PHM algorithm with minper = V, 
maxper = W, minAvg = X, and maxAV G = Y .  
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Compared algorithms 

12 GB of RAM, Java, Windows 7,  64 bit Core i5 Processor 
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Number of Pattern found  

Foodmart Chainstore 

Retail Mushroom 

The PHM algorithm can filter many non periodic patterns. 



Execution times 
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Foodmart Chainstore 

Retail Mushroom 

PHM can be much faster than FHM because it filters many non periodic patterns 



Other observations 

• Some interesting patterns were found.  For 
example: products 32,48, and 39 are 
periodically bought with an average periodicity 
of 16.32, a minimum periodicity of 1 and a 
maximum periodicity of 170. 

• PHM can use up to 10 less memory then FHM. 

– For example, on Chainstore and minutil = 
1,000,000, FHM and PHM 1-5000-5-500 
respectively consumes 1,631 MB and 159 MB of 
memory. 
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Conclusion 

• Contributions: 

 New type of pattern:  periodic high-utility itemsets 

 Two new periodicity measures: average periodicity and 
minimum periodicity,  and their properties. 

 A novel algorithm, named PHM 

 Experimental results: 

 PHM eliminate a large number of non-periodic patterns. 

 Can be much faster than FHM in many cases. 

• Source code and datasets available as part of the   
SPMF data mining library (GPL 3). 

Open source Java data mining software, 120 algorithms 
http://www.phillippe-fournier-viger.com/spmf/ 
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http://www.phillippe-fournier-viger.com/spmf/
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Thank you. Questions? 
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Open source Java data mining software, 120 algorithms 
http://www.phillippe-fournier-viger.com/spmf/ 
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