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Abstract. Sequential pattern mining is an important data mining problem with 
broad applications. Especially, it is also an interesting problem in virtual envi-
ronments. In this paper, we propose a projection-based, sequential pattern-
growth approach, called PrefixUnion. Meanwhile, we also introduce the rela-
tionships among transactions, views and objects. According to these relation-
ships, we suggest two mining criteria ― inter-pattern growth and intra-pattern 
growth, which utilize these characteristics to offer ordered growth and reduced 
projected database. As a result, the large-scale VRML models could be ac-
cessed more efficiently, allowing for a real-time walk-through in the scene. 

1   Introduction 

The interactive walkthrough system provides a virtual environment with complex 3D 
models [1, 3, 4]. On the other side, sequential pattern mining is one of the main topics 
in data mining methods [2, 6, 7, 8]. In this paper, we propose a mining mechanism 
based on inter-pattern growth and intra-pattern growth. These two pattern growth 
criteria are used to minimize useless pattern growth by finding these patterns, whose 
projected-patterns are the same, and letting them union beforehand. This results in 
less access times and much better performance. 

The rest of this paper is organized as follows. In Section 2, the related works are 
given. In Section 3, the mining problem of virtual environment sequential patterns is 
introduced along with the notation that is used throughout the paper. The PrefixUnion 
mining algorithm is suggested in Section 4. To evaluate the efficiency of the Pre-
fixUnion algorithm, our experimental results are presented in Section 5. Finally, we 
conclude our study in Section 6. 

2   Related Works 

2.1   Sequential Patterns Mining  

Sequential pattern mining problem was first introduced in [6]. With the motivation of 
avoiding or substantially reducing the expensive candidate generation and pruning, 
the FreeSpan [9] and PrefixSpan [10] were proposed. On the other side, they still 
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have some non-trivial costs. One is that the full length original sequence must be 
retained in each projected database because a pattern can be generated by any subse-
quence combination. This leads to many duplicated sequences involved. The other is 
that the growth of a subsequence is explored at any split point in a candidate sequence 
resulting in several possible new subsequences.  

3   Problem Formulation 

3.1   Notations 

In this section, we introduce the terms used in our problem and mining algorithm. Let 
},...,,{=∑ 21 lll m be a set of m literals called objects (also called items) [1, 6]. A view v 

is denoted by >,...,,=< 21 χχχ kv , is an unordered  list of objects such that each 

objects ∑∈χ i .  The view v is defined as whatever the user stays and observes during 

the processing of virtual environments. A sequence S, denoted by },...,,{ 21 vvv n , is an 

ordered list of n views. Let the database D be a set of sequences (also called transac-
tions). Each sequence records each user’s traversal path in walkthrough system. A 
sequence >=< ββββ κ,...,, 21 is a subsequence (or is called contained) of sequence 

>=< αααα n,...,, 21 if there exists niii ≤<<<≤ κ...1 21  such that 
 kk αβαβαβ ⊆⊆⊆ ,...,, 2211 holds. The support of a sequence p in the sequence 

database D is defined as the number of the sequences which contain this pattern p. A 
frequent sequence is a sequence whose support is equal to or more than the user de-
fined threshold (also called min_support). A frequent pattern is a maximal sequence 
that is frequent. Finally, let P be a set of all frequent patterns in D.  

4   PrefixUnion Mining Algorithm  

In order to realize our pattern-growth approach, we will define two kinds of pattern-
growth types. One is the intra-view growth – the growth of pattern is bounded by the  
 

 
Fig. 1. Scenario of differences among intra-view growth, inter-view growth and inter-view 
growth with PrefixUnion  
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view boundary. The other is the inter-view growth – the growth of pattern is to select 
an object in next view. The pattern-growth algorithm is based on recursively con-
structing the patterns. The α-projected sub-database is defined as the set of subse-
quences in the database which the suffixes of the sequences have the common prefix 
α. In order to demonstrate this concept, these relationships are shown in the Figure 1. 

In Figure 1, objects a, b, and c are contained in the same view (i.e., the intra-view 
growth). Object a and its siblings belong to the inter-view growth. Object b also has 
the same case. Object c and its siblings is another different example of inter-view 
growth (i.e. c---g and c---h). Only the object a and object b can be applied by Pre-
fixUnion approach. After the processing, both objects a and b are merged. By this 
PrefixUnion property, the search space is reduced sharply in each step. This property 
improves much better performance, especially in the presence of small minimum 
support threshold.  

5   Experimental Results  

In this section, the effectiveness of the proposed mining algorithm is investigated. The 
data set is about 437 MB of 1,256 objects in the system. The traversal path consist of 
approximately 10 ~ 15 views from one end to the other end.  

In the Figure 2, our algorithm outperforms the pattern growth method. If the loca-
tions of any two objects are too far in the virtual environments, it is naturally assumed 
that there are no relationships between the objects. In other words, the relationships 
are limited and restricted compared to the IBM dataset. 
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Fig. 2. Comparison of traditional pattern growth mining algorithm and our PrefixUnion mining 
algorithm in our virtual environments 

6   Conclusions and Future Work 

We have extended the applications of mining. With properties of intra-view pattern 
growth and inter-view pattern growth added, it is more precise and useful for us to 
discover the frequent traversal patterns. Besides, we also consider how to efficiently 
mining the necessary patterns in order to speed up the computations. 
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