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High Utility Episode Mining 
(Wu et al, 2013 and recent papers)

𝐈𝐧𝐩𝐮𝐭:
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Event A B C D

Profit 2 1 3 2

A event sequence A unit profit table

𝒎𝒊𝒏𝑼𝒕𝒊𝒍 : minimum utility threhold
𝒎𝒂𝒙𝑫𝒖𝒓 : maximum time duration 

𝐎𝐮𝐭𝐩𝐮𝐭:
High utility episodes (with utility ≥𝒎𝒊𝒏𝑼𝒕𝒊𝒍 & duration ≤𝒎𝒂𝒙𝑫𝒖𝒓)

Episode Minimal Occurrences Utility

< (BC), (AC), (D) > [3, 5] 15

<(B), (BC), (AC)> [2, 4] 15

<(BD), (BC), (AC)> [2, 4] 17

<(D), (BC), (AC)> [2, 4] 15

If set 𝒎𝒊𝒏𝑼𝒕𝒊𝒍 = 15 and 𝒎𝒂𝒙𝑫𝒖𝒓 = 3, HUEs are:  



What is a Minimal Occurrence?

• Episode <(𝑆𝐸1), (𝑆𝐸2), … , (𝑆𝐸𝑘)> :
• a non-empty totally ordered set of simultaneous events 

• Occurrence ([𝑡𝑠, 𝑡𝑒]): 
• (i) 𝑆𝐸𝟏 occurs at 𝑡𝒔 and   (ii) 𝑆𝐸𝒌 occurs at 𝑡𝒆
• e.g.:  occSet(<(B), (C)> ) = [2, 3],  [2, 4],  [3, 4]
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What is a Minimal Occurrence?

• Episode <(𝑆𝐸1), (𝑆𝐸2), … , (𝑆𝐸𝑘)> :
• a non-empty totally ordered set of simultaneous events 

• Occurrence ([𝑡𝑠, 𝑡𝑒]): 
• (i) 𝑆𝐸𝟏 occurs at 𝑡𝒔 and   (ii) 𝑆𝐸𝒌 occurs at 𝑡𝒆
• e.g.:  occSet(<(B), (C)> ) = [2, 3],  [2, 4],  [3, 4]

• Minimal Occurrence: 

• no alternative occurrence [𝑡𝑠
′ , 𝑡𝑒

′ ] is a sub-time interval of [𝑡𝑠, 𝑡𝑒]

• e.g.:  moSet(<(B), (C)>) = [2, 3], [3, 4]
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How to Calculate the Utility?

Event A B C D

Profit 2 1 3 2

The utility of the episode <(B), (C)> is calculated as follows:

u(<(B),(C)>) =  u(<(B),(C)>, [2, 3]) + u(<(B),(C)>, [3, 4])
=  (2*1) + (1*3) + (3*1) + (1*3)
= 11   >  10

So, <(B), (C)> is a High Utility Episode (HUE)

𝒎𝒊𝒏𝑼𝒕𝒊𝒍 = 10 and maxDur = 4
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A Problem with the Utility Calculation

Event A B C D

Profit 2 1 3 2

• Previous works would choose the first B:
• u(<(A), (B), (A)>) = 1*2 + 2*1 + 2*2 =  8
• the episode’s utility may be underestimated

• We choose the highest utility:
• u(<(A), (B), (A)>) = 1*2 + 3*1 + 2*2 = 9

𝒎𝒊𝒏𝑼𝒕𝒊𝒍 = 10 and maxDur = 4
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Consider the utility of <(A), (B), (A)>:



The EWU Upper-Bound on the Utility
(Wu et al, 2013 and recent papers)

• EWU of a MO : σ𝑖=1
𝑘−1𝑢 𝑆𝐸𝑖 , 𝑡𝑖 + σ𝑗=𝑡k

𝑡1+𝑚𝑎𝑥𝐷𝑢𝑟−1
𝑢(𝑡𝑆𝐸𝑗 , 𝑗)

• 𝑡𝑆𝐸𝑖 : simultaneous event set at 𝑗

• Don’t need to keep the order of events

• EWU(<(A),(D)>, [1,2]) = u(A, 1) + u(BD, 2) + u(BC, 3) + u(AC,4) 

= 19

Let an episode 𝛼 =< 𝑆𝐸1 , 𝑆𝐸2 , … , (𝑆𝐸𝑘) > satisfying 𝑚𝑎𝑥𝐷𝑢𝑟, where
simultaneous event sets are associated with the time points 𝑡1, 𝑡2, … 𝑡𝑘.
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A Tighter Upper-Bound called ERU

• ERU of a MO: σ𝑖=1
𝑘 𝑢 𝑆𝐸𝑖 , 𝑡𝑖 + u 𝑟𝑆𝐸𝑘 , 𝑡𝑘 + σ𝑗=𝑡𝑘+1

𝑡1+𝑚𝑎𝑥𝐷𝑢𝑟−1
𝑢(𝑡𝑆𝐸𝑗 , 𝑗)

• 𝑟𝑆𝐸𝑘 : the remaining event set of (𝑆𝐸𝑘) at 𝑡𝑘
• Need to keep the order of events

• ERU(<(A),(D)>, [1,2]) = u(A, 1) + u(D, 2) + 0 + u(BC, 3) + u(AC,4) 

= 17

Let an episode 𝛼 =< 𝑆𝐸1 , 𝑆𝐸2 , … , (𝑆𝐸𝑘) > satisfying 𝑚𝑎𝑥𝐷𝑢𝑟, where
simultaneous event sets are associated with the time points 𝑡1, 𝑡2, … 𝑡𝑘.
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The Utility Co-occurrence Structures

• 𝐸𝐸𝐶𝑈𝑆𝑠𝑖𝑚𝑢𝑙𝑡: stores the action-window utilization of all 
pairs of events by i-extension 

• 𝐸𝐸𝑈𝐶𝑆𝑠𝑒𝑟𝑖𝑎𝑙 : stores the action-window utilization of all 
pairs of events by s-extension

This figure shows EEUCS for maxDur = 3

The action-window utilization is the loosest upper-bound on the utility



Action-Window Utilization

• Action-Window:

episode

𝒕𝒔 𝒕𝒆𝒕𝒆-𝒎𝒂𝒙𝑫𝒖𝒓+1 𝒕𝒔+𝒎𝒂𝒙𝑫𝒖𝒓-1

• Action-Window Utilization of [𝑡𝑠, 𝑡𝑒]:

• AWU(𝛼, [𝑡𝑠, 𝑡𝑒]) = σ𝑡𝑖=𝑡𝑠 −𝑚𝑎𝑥𝐷𝑢𝑟+1
𝑡𝑒+𝑚𝑎𝑥𝐷𝑢𝑟 −1

u(𝑡𝑆𝐸𝑖 , 𝑡𝑖)



Pruning Properties

•Pruning an i-extension: The i-extension of an

episode 𝜶 with an event 𝒙 is not high utility if

there exist an event 𝒊 in 𝜶 such that AWU(<(𝑖, 𝑥)>)

in 𝑬𝑬𝑪𝑼𝑺𝒔𝒊𝒎𝒖𝒍𝒕 less than 𝒎𝒊𝒏𝑼𝒕𝒊𝒍.

•Pruning an s-extension: The s-extension of an

episode 𝜶 with an event 𝒙 is not high utility if

there exist an event 𝒊 in 𝜶 such that AWU(<(𝑖),(𝑥)>)

in 𝑬𝑬𝑪𝑼𝑺𝒔𝒆𝒓𝒊𝒂𝒍 less than 𝒎𝒊𝒏𝑼𝒕𝒊𝒍.



Experimental Evaluation

• Statistical information about three datasets

• Retail and Kosarak are real datasets

• T25I10N1KD10KQ10F5 (synthetic, using SPMF generator): 
• average profit is 5 
• quantities between 1 and 10

• Java, Windows10

Dataset #Time Point #Event Avg. Length

T25I10N1KD10KQ10F5 9,976 929 24.8

Retail 88,162 16,470 10.3

Kosarak 990,002 41,270 8.1



Execution times
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The notation * means that it mines maximal high utility episodes
Increasing 𝑚𝑖𝑛𝑈𝑡𝑖𝑙 or decreasing 𝑚𝑎𝑥𝐷𝑢𝑟 ofen increase the runtime.



Number of Candidates

T25I10N1KD10KQ10F5

The number of candidates grows rapidly when 
𝑚𝑖𝑛𝑈𝑡𝑖𝑙 is decreased or 
𝑚𝑎𝑥𝐷𝑢𝑟 is increased.
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Peak memory usage

HUE-Span with pruning strategies uses less memory than UP-Span since the 
proposed pruning strategies reduce the number of candidates.
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Number of patterns found

UP-Span finds much less HUEs than the proposed HUE-Span* algorithm
UP-Span underestimates the utility of up to 79% of the (maximal) HUEs.

𝐻𝑈𝐸∗ : high utility episode with maximal utility
𝐻𝑈𝐸 : high utility episode
𝐻𝑈𝐸− : high utility episode that its utility is not maximal utility



Conclusion

• Contributions:

➢Redefined utility: highest (maximal) utility

➢A Tighter Upper-Bound on the utility: ERU

➢A novel pruning strategy based on event co-occurrences

➢An efficient algorithm, named HUE-Span

• Future work:

➢Design other optimizations for high utility episode mining

➢consider  using  high  utility  episodes  to  derive high utility episode rules

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

Open source Java data mining software, 178 algorithms
http://www.philippe-fournier-viger.com/spmf/

http://www.philippe-fournier-viger.com/spmf/
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