
Mining Cross-Level High Utility Itemsets



Frequent Itemset Mining
Input:

TID Items

𝑇 1 a, c

𝑇 2 e

𝑇 3 a, b, c, d, e

𝑇 4 b, c, d, e

𝑇 5 a, c, d

𝑇 6 a, c, e

𝑇 7 b, c, e

A transaction database a minsup threshold

Output:
Frequent itemsets (with support≥minsup)

if minsup = 3, the frequent itemsets are:

{a}:4 {b,e}:3

{b}:3 {c,d}:3

{d}:3 {c,e}:4

{a,c}:4 {b,c,e}:3

{b,c}:3

Algorithms:
➢ Apriori（VLDB 1994）
➢ Apriori-TID（VLDB 1994）
➢ Eclat（TKDE 2000）
➢ FP-Growth（ACM SIGMOD 2000）



High Utility Itemset Mining
Input:

TID Items

𝑇 1 (a,1), (c,1)

𝑇 2 (e,1)

𝑇 3 (a,1), (b,5), (c,1), (d,3), (e,1)

𝑇 4 (b,4), (c,3), (d,3), (e,1)

𝑇 5 (a,1), (c,1), (d,1)

𝑇 6 (a,2), (c,6), (e,2)

𝑇 7 (b,2), (c,2), (e,1)

A transaction database

Item Unit profit

a 5$

b 2$

c 1$

d 2$

e 3$

External utility values a minutil threshold

Output:
High-utility itemsets (with utility≥minutil)

if minutil = 30$, the HUIs are:

{b,d}:30$ {a,c}:34$

{b,e}:31$ {b,d,e}:36$

{a,c,e}:31$ {b,c,e}:37$

{b,c,d}:34$ {b,c,d,e}:40$



• Several algorithms:
➢Two-Phase (PAKDD 2005)
➢IHUP (TKDE, 2010),
➢UP-Growth (KDD 2011),
➢HUI-Miner (CIKM 2012),
➢FHM (ISMIS 2014)
➢EFIM (KAIS 2017)
➢mHUIMiner (PAKDD 2017)

• Key idea:
Calculate an upper-bound on the utility of itemsets
(e.g. the TWU) that is anti-monotonic to be able to
prune the search space.

Previous work

TWU({b,c,d})=u(T3)+u(T4)

u({b,c,d})=u({b,c,d}, T3)+u({b,c,d}, T4)



• Consider taxonomy information

➢ Cross-level frequent itemset mining: Cumulate, Prutax, SET

➢ Multi-level frequent itemset mining: Han & Fu, Ong et al., 

Pramudiono

➢ Cross-level frequent itemset mining using multiple thresholds: 

Lui & Chung

➢ Multi-level frequent itemset mining using multiple thresholds: 

Rajkumar et al.

➢ Multi-level high utility itemset mining: MLHUI-Miner

Limitation
• High utility itemset mining

➢ is useful for discovering profitable itemsets in a whole database

➢ it ignores that items are organized according to taxonomies.

𝐵𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝐹𝑜𝑜𝑑
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𝐶𝑜𝑘𝑒 𝑊𝑎𝑡𝑒𝑟𝑊ℎ𝑒𝑎𝑡𝑒𝑛 𝑓𝑜𝑜𝑑 𝑆𝑡𝑒𝑎𝑘

𝐵𝑟𝑒𝑎𝑑 𝑃𝑎𝑠𝑡𝑎



Limitation
• MLHUI-Miner

➢ cannot find cross-level patterns

➢mines each taxonomy levels independently

➢ does not use relationships between taxonomy levels

• We propose a new pattern type:

Cross-Level High Utility Itemset (CLHUI)

𝐵𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝐹𝑜𝑜𝑑
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𝐶𝑜𝑘𝑒 𝑊𝑎𝑡𝑒𝑟𝑊ℎ𝑒𝑎𝑡𝑒𝑛 𝑓𝑜𝑜𝑑 𝑆𝑡𝑒𝑎𝑘

𝐵𝑟𝑒𝑎𝑑 𝑃𝑎𝑠𝑡𝑎

e.g. {Bread, Steak, Beverage} is a CLHUI, 
while not being a MLHUI or a HUI.



How to calculate the utility?
TID Items

𝑇 1 (a,1), (c,1)

𝑇 2 (e,1)

𝑇 3 (a,1), (b,5), (c,1), (d,3), (e,1)

𝑇 4 (b,4), (c,3), (d,3), (e,1)

𝑇 5 (a,1), (c,1), (d,1)

𝑇 6 (a,2), (c,6), (e,2)

𝑇 7 (b,2), (c,2), (e,1)

Item Unit profit

a 5$

b 2$

c 1$

d 2$

e 3$

The utility of the itemset {𝑏, 𝑐 , 𝑑 } is calculated as follows:

u ( { b , c , d } ) = ( 5 × 2 ) + ( 1 × 1 ) + ( 3 × 2 ) + ( 4 × 2 ) + ( 3 × 1 ) + ( 3 × 2 ) = 3 4

The utility of the generalized itemset {Y,c} is calculated as follows:

u ( { Y , c } ) = ( 1 × 5 + 1 × 1 ) + ( 1 × 5 + 5 × 2 + 1 × 1 ) + ( 4 × 2 + 3 × 1 ) + ( 1 × 5 + 1 × 1 ) + ( 2 × 5 +
6 × 1 ) + ( 2 × 2 + 2 × 1 ) = 6 1



Problem definition
Input:

TID Items

𝑇 1 (a,1), (c,1)

𝑇 2 (e,1)

𝑇 3 (a,1), (b,5), (c,1), (d,3), (e,1)

𝑇 4 (b,4), (c,3), (d,3), (e,1)

𝑇 5 (a,1), (c,1), (d,1)

𝑇 6 (a,2), (c,6), (e,2)

𝑇 7 (b,2), (c,2), (e,1)

A transaction database

Item Unit profit

a 5$

b 2$

c 1$

d 2$

e 3$

External utility values a minutil threshold

Output:
Cross-level high-utility itemsets (with utility≥minutil)

if minutil = 60$, the CLHUIs are:

{X}:61$ {Z,Y,c}:84$

{Y,c}:61$ {e,X}:64$

{Z,X}:84$ {e,Y,c}:64$

{Z,Y}:71$

a taxonomy
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Two extensions:

03

• Tax-based extension

• Join-based extension

The algorithm

➢ Based on HUI-Miner, it extends the search space according to two kinds 
of extensions.
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The algorithm

➢ Create a vertical structure named tax-utility-list for each itemset.

Tax-utility-list of {Z,Y}

TID iutil rutil

𝑇3 24 1

𝑇4 17 3

𝑇5 7 1

𝑇6 16 6

𝑇7 7 2

Childs

a b

utility-list

taxonomy 
information

utlity of itemset 
in a transaction

remaining-utility
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Construction of a tax-utility-list

➢The tax-utility-list of a single item can be constructed by 
scanning the database.

➢ For other itemsets, it can be obtained by joining their child 
itemset’s tax-utility-lists.

Tax-utility-list of {b}

TID iutil rutil

𝑇3 10 10

𝑇4 8 12

𝑇7 4 5

Childs

Tax-utility-list of {c}

TID iutil rutil

𝑇1 1 0

𝑇3 1 9

𝑇4 3 9

𝑇5 1 2

𝑇6 6 6

𝑇7 2 3

Childs

Tax-utility-list of {b,c}

TID iutil rutil

𝑇3 11 9

𝑇4 11 9

𝑇7 6 3

Childs
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03

➢ The GWU measure: 𝐺𝑊𝑈 𝑋 = σ𝑇c∈g(x)
𝑇𝑈(𝑇c) , 𝑤ℎ𝑒𝑟𝑒 𝑇𝑈 𝑇c =

σ𝑥∈𝑇c
𝑢(𝑥, 𝑇c)

if 𝐺𝑊𝑈 𝑋 < 𝑚𝑖𝑛𝑢𝑡𝑖𝑙, prune X and all its extensions.

➢ The REU measure: 𝑅𝐸𝑈 𝑋 = σ )𝑒∈𝑡𝑢𝐿𝑖𝑠𝑡(𝑋 𝑒. 𝑖𝑢𝑡𝑖𝑙 + 𝑒. 𝑟𝑢𝑡𝑖𝑙

if 𝑅𝐸𝑈 𝑋 < 𝑚𝑖𝑛𝑢𝑡𝑖𝑙, prune all its tax-based extensions.

How to reduce the search space?

Two properties to improve efficiency:
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Pseudocode



14

• |D|: number of transactions
• |I|: number of distinct items
• |GI|:          number of distinct generalized items
• 𝑇𝑚𝑖𝑛: minimum transaction length
• 𝑇𝑚𝑎𝑥: maximum transaction length
• 𝑇𝑎𝑣𝑔: average transaction length
• 𝐿𝑒𝑣𝑒𝑙: the maximum level of items

Experimental evaluation

Datasets’ characterictics

Both Liquor and Fruithut are real-life datasets.
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Runtime and peak memory usage of three versions of
CLH−Miner

Execution times

Increasing minutil often decrease the runtime.
GWU-based pruning generally greatly decrease the runtime.
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Runtime and peak memory usage of three versions of
CLH−Miner

Peak memory usage

CLH-Miner consumes less memory for high minutil value.
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Comparison of CLH-Miner, ML-HUI Miner 
and HUI-Miner
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Scalability

Runtime and pattern count increase with database size. 



Conclusion

•Contributions:
➢A new type of patterns: cross-level high utility itemsets

➢An efficient algorithm, named CLH-Miner

➢Two optimizations: GWU and REU

•Future work:
➢Consider other types of databases.

➢Adapt to other problems.



Thank you. Questions?

Source code and datasets will be made available as part of the SPMF 
data mining library


