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a b s t r a c t 

High utility pattern mining has been actively researched as one of the significant topics in the data min- 

ing field since this approach can solve the limitation of traditional pattern mining that cannot fully con- 

sider characteristics of real world databases. Moreover, database volumes have been bigger gradually in 

various applications such as sales data of retail markets and connection information of web services, 

and general methods for static databases are not suitable for processing dynamic databases and extract- 

ing useful information from them. Although incremental utility pattern mining approaches have been 

suggested, previous approaches need at least two scans for incremental utility pattern mining irrespec- 

tive of using any structure. However, the approaches with multiple scans are actually not adequate for 

stream environments. In this paper, we propose an efficient algorithm for mining high utility patterns 

from incremental databases with one database scan based on a list-based data structure without candi- 

date generation. Experimental results with real and synthetic datasets show that the proposed algorithm 

outperforms previous one phase construction methods with candidate generation. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

There have been many efforts to analyze data and discover in- 

teresting knowledge [1–5] , and data mining has made a significant 

contribution to data analysis. Pattern mining [6–11] is one of the 

data mining techniques and finds meaningful information hidden 

in huge databases as pattern forms. Although frequent pattern 

mining [12–15] has played an important role in the data mining 

field, this has a limitation that cannot fully reflect characteristics 

of real world databases to mining processes. To address this issue, 

utility pattern mining [16–24] has been actively studied. Utility 

pattern mining conducts pattern mining with the consideration 

of relative importance and non-binary occurrence of items. In 

contrast to frequent pattern mining, it is not an easy task for 

utility pattern mining to satisfy the anti-monotone property [6] , 

a fundamental criterion for efficient pattern mining, where no 

valid super pattern is generated from an invalid one. Since this 

improves mining performance by effectively reducing search space, 

maintaining the property in mining processes is significant. To 

solve the problem, the overestimation concept [25] was pro- 

posed and employed in utility pattern mining, but it degrades 
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mining performance by extracting a large number of candidate 

patterns. For this reason, utility pattern mining without candidate 

generation has been researched [26–28] . 

In recent years, data have been incrementally generated in 

various real world applications such as retail markets and web 

services according to their continuous operations. Therefore, an 

appropriate method is necessary to discover useful information 

from such dynamic databases because previous static approaches 

are not suitable for the purpose. Incremental utility pattern mining 

[29–31] has been suggested to address this issue. Although these 

methods are more suited to mining high utility patterns from a 

database that is incrementally increased in a dynamic environment 

when compared to existing static ones, they generate candidate 

patterns in the mining process and require an additional process 

to identify actual patterns since they apply the overestimation 

concept, or they perform a pattern mining process without candi- 

date generation, but there is a disadvantage in that they require a 

number of database scans for original or additional data. In other 

words, even if incremental utility pattern mining approaches have 

been suggested, previous approaches need at least two scans for 

incremental utility pattern mining irrespective of using tree or 

list structures. However, the approaches with multiple scans are 

actually not adequate for stream environments. In this paper, we 

propose an efficient algorithm for mining high utility patterns from 

incremental databases with one database scan based on a list- 
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based data structure without candidate generation. This paper has 

the following main contributions: 1) developing a list-based data 

structure to maintain incremental data efficiently and its construc- 

tion and restructuring techniques, 2) proposing an incremental 

high utility pattern mining algorithm based on the developed data 

structure, and 3) conducting various experiments with real and 

synthetic datasets to show better performance of the proposed 

algorithm than previous ones based on the overestimation concept. 

The remainder of this paper is organized as follows. In Section 

2 , we introduce influential studies related to the proposed algo- 

rithm. In Section 3 , we describe the proposed data structure and 

algorithm in detail. In Section 4 , we conduct various experiments 

for performance evaluation with real and synthetic datasets and 

analyze experimental results. Finally, we conclude contributions of 

the paper in Section 5 . 

2. Related work 

2.1. Frequent pattern mining 

Apriori [6] and FP-Growth [13] are Breadth First Search (BFS) 

and Depth First Search (DFS) based frequent pattern mining al- 

gorithms, respectively. Since the former requires a large number 

of database scans, the latter that scans databases only two times 

with a divide-and-conquer approach shows better performance. In 

general, FP-Growth-like methods outperform Apriori-like ones. 

2.2. Static high utility pattern mining 

Two-Phase [25] is the first algorithm that introduced and 

applied the overestimation concept in order to satisfy the anti- 

monotone property in utility pattern mining. Since the algorithm, 

Apriori-based FUM [32] and DCG + [32] and FP-Growth-based 

UP-Growth [33] and UP-Growth + [33] , have been suggested. The 

approaches employing the overestimation model first extract valid 

candidate patterns satisfying the user defined minimum utility 

threshold at the first stage called Phase I and identify actual high 

utility patterns from the candidates at the final stage called Phase 

II. These approaches not only generate a large number of candi- 

date patterns in the mining process but also perform an additional 

database scan to distinguish the actual pattern information from 

the mining process, which requires a high computational cost. 

The methods applying the estimation model are required to 

conduct additional scanning in order to perform the identification 

process even if they construct their global data structures through 

a maximum of two database scans based on FP-Growth, so that 

a total of three scans are necessary. To solve the problem, a list 

data structure based method without candidate generation has 

been proposed. HUI-Miner [26] constructs a global data structure 

that stores utility information in the database of each candidate 

pattern called utility list through two scans of the database. In 

this case, the utility list for each candidate pattern is composed 

of entries corresponding to the number of transactions including 

the corresponding pattern. Each entry includes a tid that is an 

identifier of one of the transactions, an iutil indicating a utility of 

the corresponding pattern in the transaction, and a ru til, which 

is the utility sum of items after the last item of the pattern in 

the transaction. After constructing the global data structure, the 

HUI-Miner algorithm performs a recursive mining process from 

the data structure to find out the high utility pattern information 

directly without generating candidates. In the recursive mining 

process, a list of local utilities for candidate patterns of length 2 

or more is constructed, in which many tid comparison operations 

are performed. FHM [34] utilizes a data structure storing the 

overestimation utility information of candidates having a length 

of 2 and an estimated utility value that is not smaller than a user 

defined minimum utility called an Estimated Utility Co-Occurrence 

Structure (EUCS) improves mining performance by reducing com- 

putation. HUP-Miner [35] improves the performance of List-based 

high utility pattern mining by effectively reducing search space 

based on a list of partitioned utilities. d 

2 HUP [28] is a newest 

list-based technique that generates candidates through a linear 

data structure called the Chain of Accurate Utility List (CAUL), a 

pattern enumeration strategy, and a high utility pattern growth 

approach combined with pruning by utility upper bound mining 

high utility patterns efficiently. 

2.3. Incremental high utility pattern mining 

IUM [36] and FIUM [36] are Apriori-based methods pro- 

posed for mining high temporal utility patterns from progressive 

databases. They apply the level-wise approach to perform the min- 

ing process with a number of constraints that result in the creation 

of database scans and candidates. IHUP [37] is an FP-Growth based 

algorithm for mining high utility patterns with the concept and 

improving mining performance of previous Apriori-based ones. 

Although IHUP has better performance than the previous ones, 

this method demands high computational time to identify actual 

high utility patterns from candidates because it generates a large 

number of candidates due to the applied overestimation concept. 

HUPID [38] solved the problem of IHUP by reducing overestima- 

tion utilities. However, this algorithm still needs an additional 

phase to extract actual high utility patterns from candidates. 

To improve mining performance of the previous overestimation 

concept based algorithms for incremental high utility pattern 

mining, we propose an efficient algorithm for mining high utility 

pattern mining without candidate generation on the basis of a list 

data structure. iCHUM [39] identifies promising items through two 

scans of original and additional data, reflects only the items in the 

data structure, and mines high utility pattern information from the 

constructed global data structure. The method also extracts can- 

didates from the mining process by applying the overestimation 

concept and performs an additional scan to identify actual high 

utility patterns from the candidates. Moreover, since the promising 

item information is only stored, the approach has a disadvantage 

that additional data is required to update the promising and 

unpromising item information as the data is gradually added. 

In order to solve the problem of the existing methods which 

need to identify actual patterns from the extracted candidate 

information in the process of mining the high utility pattern 

information from a dynamic database in an incremental envi- 

ronment, list-based methods without candidate generation have 

been proposed . HUI-list-INS [40] based on HUI-Miner is one 

of the methods for this purpose. It computes a TWU ascending 

order, which is the optimal sorting order, through two database 

scans and constructs a global data structure based on this in- 

formation. Then, it mines high utility patterns from the data 

structure without generating candidates. Another method, EIHI 

[41] , reduces search space by reducing the number of local utility 

lists generated in the mining process based on FHM [34] . However, 

this method requires additional operations to create new utility 

lists for new data, and to merge them into data structures for 

existing original databases. Although these methods can discover 

high utility patterns in a dynamic environment without candidate 

generation, they have a disadvantage of requiring two database 

scans to determine the optimal TWU sorting order. 

2.4. Differences from previous works 

Our method is suggested for efficiently mining high utility 

pattern information from a dynamic database in an incremental 
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