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1 Introduction
Inter-sequence pattern mining is an extension of sequential pattern mining that
involves discovering common patterns, associations, and dependencies between sequences
in a sequential database. It identifies patterns that are common not only within the same
transaction but also between transactions. The inter-sequential pattern mining problem was
first proposed by Wang et al. in 2009 (Wang & Lee, 2009), and several algorithms have been
developed since then, including DBV-ISP (Vo et al., 2012), ISP-IC, iISP-IC and pISP-IC
(Le et al., 2018), DBV-ISPMIC, and pDBV-ISPMIC (Nguyen et al., 2023).
2  Research Problem
The problem of inter-sequence pattern mining is an extension of sequential mining,
with three extensions including itemset, sequence, and inter. When dealing with large
sequential databases and a high user-specified maxspan value, a large number of candidate
patterns are generated. Therefore, the inter-sequence pattern mining problem requires

optimization of the candidate generation process as well as optimization of storage space, as

shown in Table 1.

Table 1. Comparing the Advantages and Disadvantages of Proposed Inter-Sequence

Pattern Mining Algorithms
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necessary.
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is quite extensive, allowing for
the restriction of the number of
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can be generated.

2.1  Aim of this Thesis

The aim of this thesis is to address the limitations of inter-sequence pattern mining
in terms of processing time and storage space. The thesis proposes a novel storage data
structure for the inter-sequence pattern mining problem, aiming to minimize data duplication
during the mining process. Additionally, it introduces an inter-sequence pattern mining
model with itemset constraints to reduce the number of generated candidates, thus
accelerating the search and processing of relevant information. Moreover, the thesis presents
additional propositions to enhance the efficiency of the proposed methods and algorithms.

2.2 Objectives of this Thesis

The objectives of this thesis are as follows:

1. Proposing a solution to address the problem of mining inter-sequence patterns with
itemset constraints, introducing the DBV-ISPMIC algorithm.

2. Developing an optimal approach for solving the inter-sequence pattern mining
problem with itemset constraints, presenting the pDBV-ISPMIC algorithm.

3. Introducing a method for optimizing storage space in the context of the inter-sequence
mining problem, utilizing the ISP-PI (Inter-Sequence Pattern mining based on
Pseudo-Index) algorithm.

4. Proposing a candidate pruning technique for the inter-sequence pattern mining
problem, incorporating the ISP-IC (Inter-Sequence Pattern mining with Index
Intersection Checking) method.

5. The proposed algorithms and methods will be evaluated through experiments using
real-world databases sourced from the data mining community's data warehouse. The
experimental results will be compared based on the algorithm's running time and
memory usage requirements.

3 Thesis Contributions

Based on the aim of the thesis, the main contributions are presented in two sections

and are briefly outlined as follows:



3.1 The First Contribution Addresses Objectives 1 and 2 of the Thesis

Drawing from proposed inter-sequence mining problems such as EISP-Miner (Wang
& Lee, 2009), DBV-ISP (Vo et al., 2012), and ISP-IC (Le et al., 2018), as well as sequential
pattern mining problems with itemset constraints like MSPIC-DBV (Van et al., 2018), we
introduce a problem of inter-sequence pattern mining with itemset constraints, named DBV-
ISPMIC (Nguyen et al.,, 2023). The algorithm employs a data structure called DBV-
PatternList to store candidates, along with a tree structure named ISP-Tree to store frequent
patterns. Additionally, we propose a method for quickly checking the condition of generated
candidate itemsets and apply parallel mining to accelerate the algorithm.

The DBV-PatternList data structure optimizes candidate information storage. Instead
of using a numeric data type to represent pattern information, DBV-PatternList utilizes a bit-
vector data structure. Pattern information is indicated by turning bits on or off, allowing a
numeric data type to store more candidate information, thus reducing the space needed for
candidates.

Checking itemset constraints for all generated samples is time-consuming for the
algorithm. We suggest a method to rapidly verify that the generated candidate meets itemset
constraints, using the condition information from the parent patterns that created it. This
decreases the algorithm's running time.

The inter-sequence pattern mining problem employs the ISP-Tree structure to store
generated frequent patterns, processing the algorithm according to the depth-first traversal
method. As the handling of branches on the tree is separate, we present a parallel processing
technique for branches on the tree. This enables the algorithm to optimize runtime by
processing multiple branches simultaneously.

The evaluation of experimental results is presented in article [R2].

3.2 The Second Contribution Addresses Objectives 3 and 4 of the Thesis

Building upon inter-sequence pattern mining algorithms like EISP-Miner and DBV-
ISP, we propose a novel algorithm called ISP-PI. This algorithm aims to optimize data
mining models in the context of inter-chain mining using a data structure known as Pseudo-
IDList. The ISP-PI addresses the shortcomings of previous algorithms concerning data
duplication. Instead of requiring storage for all the information of a candidate, we can
retrieve its information from the original pattern. This method compresses the position
values of the generated candidates, allowing for the retrieval of values from the original
patterns that produced the candidates and eliminating the need to save all positions.

Furthermore, the algorithm incorporates a pruning method named ISP-IC to

effectively reduce the number of generated candidates. This optimization enhances



processing time and storage space, which is crucial due to the growing volume of collected

data. The ISP-PI algorithm efficiently compresses data to minimize storage space and

employs candidate pruning to accelerate the algorithm's runtime in inter-sequence pattern
mining.

The evaluation of the research results, along with the proposed algorithm, is
presented in article [R1].
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