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Motivation

Tid Items bought

10 Beer, Nuts, Diaper

20 Beer, Coffee, Diaper

30 Beer, Diaper, Eggs

40 Nuts, Eggs, Milk

50 Nuts, Coffee, Diaper, Eggs, Milk

Beer, Diaper

Frequent 
Pattern 
Mining



Motivation

Profit

HMiner [1]

FHM [2]

EFIM [3]

Compact Utility List

Quantity

High Utility Itemset
User-defined 

minimum utility threshold

High-Utility 
Itemset 
Mining
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(A, C, F)
(B, C, E)

(C, D)
…
+
+

High Utility 
Itemset 

Incremental 
Databases

EIHI 
[7]

LIHUP 
[6]

PRE-HUI-INS 
[4]

HUI-List-INS 
[5] …
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OUR ALGORITHM
(iHUIM)
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Preliminaries

Tid Transactions Quantity (q) Transaction 
utility

T1 a,b,c,d,e,f 1,5,1,3,1,1 30

T2 b,c,d,e 4,3,3,1 20

T3 a,c,d 1,1,1 8

T4 a,c,e,g 2,6,2,5 27

Item a b c d e f g

Price 5 2 1 2 3 5 1

Transactions Database Price of an item (pr)

minUtil: user-defined minimum        
             utility threshold

D

NT5 b,c,e,g 2,2,1,2 11



Preliminaries

Tid Transactions Quantity (q) Transaction 
utility

T1 a,b,c,d,e,f 1,5,1,3,1,1 30

T2 b,c,d,e 4,3,3,1 20

T3 a,c,d 1,1,1 8

T4 a,c,e,g 2,6,2,5 27

T5 b,c,e,g 2,2,1,2 11

Item a b c d e f g

Price 5 2 1 2 3 5 1

Transactions Database Price of an item(pr)

● Utility of an item in transaction : 

Example : itemset X = {b,d}
u(X) = u(X,T1) + u(X,T2)
        = (5*2+3*2) + (4*2+3*2) = 30

=> High utility itemset (HUI) is itemset has utility equal or larger than minUtil threshold

● Utility of an itemset in database: 



Preliminaries

Tid Transactions Quantity (q) Transaction 
utility

T1 a,b,c,d,e,f 1,5,1,3,1,1 30

T2 b,c,d,e 4,3,3,1 20

T3 a,c,d 1,1,1 8

T4 a,c,e,g 2,6,2,5 27

T5 b,c,e,g 2,2,1,2 11

Item a b c d e f g

Price 5 2 1 2 3 5 1

Transactions Database Price of an item (pr)

● Transaction weighted utility 

Example: itemset X = {c,d}
TWU(X) = u(T1) + u(T2) + u(T3)
              = 30+20+8 = 58



Preliminaries

Tid Transactions Utility of item 
in transaction

Transaction 
utility

T1 f,b,d,a,e,c 5,10,6,5,3,1 30

T2 b,d,e,c 8,6,3,3 20

T3 d,a,c 2,5,1 8

T4 g,a,e,c 5,10,6,6 27

T5 g,b,e,c 4,2,3,2 11

Transactions Database

● Remaining utility of an itemset in 
transaction:

Example: itemset X = {b,d} in T1
ru(X,T1) = u({a},T1) + u({e},T1) + u({c},T1) 
              = 5+3+1= 9
 

Item g f b d a e c

TWU 27 30 50 58 65 77 85

TWU of 1-itemset



Preliminaries

Tid Transactions Utility of item 
in transaction

Transaction 
utility

T1 f,b,d,a,e,c 5,10,6,5,3,1 30

T2 b,d,e,c 8,6,3,3 20

T3 d,a,c 2,5,1 8

T4 g,a,e,c 5,10,6,6 27

T5 g,b,e,c 4,2,3,2 11

Transactions Database

● Extension of an itemset X: items 
after X in ordered set of all items.

Example: itemset X = {f,d} 
⇒ Extension of X is {a,e,c} and c(X) = 3

● Size of X’s extension: c(X)

Item g f b d a e c

TWU 27 30 50 58 65 77 85

TWU of 1-itemset



Preliminaries

Tid Transactions Utility of item 
in transaction

Transaction 
utility

T1 f,b,d,a,e,c 5,10,6,5,3,1 30

T2 b,d,e,c 8,6,3,3 20

T3 d,a,c 2,5,1 8

T4 g,a,e,c 5,10,6,6 27

T5 g,b,e,c 4,2,3,2 11

Transactions Database

● Closed utility of an itemset X:

Example: itemset X = {d,c} in T1
         cu(X, T1) = u(X, T1) = 7

Because |X| = 2 (>1) and 
c(X - {c}) = c({d}) = {a,e,c} = 3 = s(T1 / {d})

In above formula

Item g f b d a e c

TWU 27 30 50 58 65 77 85

TWU of 1-itemset



Preliminaries

Tid Transactions Utility of item 
in transaction

Transaction 
utility

T1 f,b,d,a,e,c 5,10,6,5,3,1 30

T2 b,d,e,c 8,6,3,3 20

T3 d,a,c 2,5,1 8

T4 g,a,e,c 5,10,6,6 27

T5 g,b,e,c 4,2,3,2 11

Transactions Database

● Closed remaining utility of an 
itemset X:

Example: itemset X = {d,c} in T1
        cru(X,T1) = ru(X,T1) = 0

Because |X| = 2, 
                    c(X - {c}) = c({d}) = {a,e,c} 
                                   = 3 = s(T1 / {c})

Item g f b d a e c

TWU 27 30 50 58 65 77 85

TWU of 1-itemset



Preliminaries

Tid Transactions Utility of item 
in transaction

Transaction 
utility

T1 f,b,d,a,e,c 5,10,6,5,3,1 30

T2 b,d,e,c 8,6,3,3 20

T3 d,a,c 2,5,1 8

T4 g,a,e,c 5,10,6,6 27

T5 g,b,e,c 4,2,3,2 11

Item g f b d a e c

TWU 27 30 50 58 65 77 85

Transactions Database TWU of 1-itemset

● Non-closed utility of an itemset X:

● Non-closed remaining utility of an 
itemset X:



Problem definition

Set of all HUIs found in U = D U N

Original database D

Set of all HUIs 
found in DNew transaction N

User-defined threshold



Depth First SearchScan Store

Modify Compact Utility List Trie-like structure

Mining Process

Problem definition



Storage structure
Modify Compact Utility List structure

Fig. 1: Compact Utility List Structure [1]

Fig. 2: Modify Compact Utility List Structure



Storage structure
Trie-like structure

Fig. 3: General structure Fig. 4: Sample representation 
of HUIs in D

Fig. 5: Sample representation 
of HUIs after adding N



Proposed algorithm

Fig. 6: Main procedure of EIHI algorithm [13]

Fig. 7: Main procedure of iHUIM algorithm



Proposed algorithm

Fig. 8: Restruct function



EXPERIMENTS AND RESULT ANALYSIS

Data preparation

Results and analysis

Experiment setup



Data source: Datasets

Data preparation

https://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php


Data preparation

● |D|: transaction count of D 

● |I|: number of distinct items

● AvgLen: average transaction length

● Density: Density of dataset (Dense or Sparse)

● Real utility value: Dataset use real or fake utility

Dataset |D| |I| AvgLen Density Real utility 
value

Chess 3196 75 37 Dense No

Definition:



Characteristic of datasets:

Dataset |D| |I| AvgLen Density Has real 
utility value

Chess 3196 75 37 Dense No

Fruithut 181970 1265 3.58 Sparse Yes

Mushroom 8124 119 23 Dense No

Data preparation



Datasets file structure:

Format: Item1 item2 item3… : TU : Util(item1) Util(item2) Util(item3)

Example: Fruithut database 
2010 2021 2032 : 897 : 199 399 299 
2038 : 180 : 180 
1031 2022 : 449 : 150 299 

Data preparation



Window 11 Intel® Core I7, 2.20GHz 16GB RAM DDR4

Experiment setup



Experiment setup

Programming language: Java with version JDK 11

Evaluation criteria: Number of generated candidates, 

Execution time, Memory usage

With pair of parameters, each algorithm executes 5 

times to get the average value

Compare with: EIHI algorithm

Parameters: minUtil; addRatio (20%, 25%)



Results and analysis

Number of generated candidates

Chess-addRatio=20% Fruithut-addRatio=20% Mushroom-addRatio=20%

Chess-addRatio=25% Fruithut-addRatio=25% Mushroom-addRatio=25%



Results and analysis

Execution time

Chess-addRatio=20% Fruithut-addRatio=20% Mushroom-addRatio=20%

Chess-addRatio=25% Fruithut-addRatio=25% Mushroom-addRatio=25%



Results and analysis

Memory usage

Chess-addRatio=20% Fruithut-addRatio=20% Mushroom-addRatio=20%

Chess-addRatio=25% Fruithut-addRatio=25% Mushroom-addRatio=25%



CONCLUSION AND FUTURE WORK

Conclusion

● Proposing the iHUIM algorithm that extends the EIHI algorithm
● Modifies Compact Utility List structure to store information of each item and scans 

the database once to build MCUL
● Strategies to prune items that can’t be HUIs before and during the mining process

Future work

● Continue to modify CUL or consider other efficient data structures to gain the 
efficiency of execution time and memory usage
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