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Abstract 

 
Data mining is the process of extracting knowledge, often previously unknown from large quantities of data [17]. 
We can do many different tasks by using data mining such as classification, clustering, association rule mining, 
sequential pattern mining, etc. Sequential pattern mining is the method of finding interesting sequential patterns 
among the large database [1]. Several efficient algorithms are developed for sequential pattern mining which are 
broadly classified into Apriori based and Pattern growth based algorithms [11,12].  One of the drawback of apriori 
based algorithms like AprioriAll and GSP is that lots of candidate sequences are generated which is computationally 
inefficient [7]. These drawbacks of apriori based algorithms are solved by the pattern growth based algorithms like 
FreeSpan, PrefixSpan, etc [7]. A comparative study of some sequential pattern mining algorithms is done in this 
paper with reference to some features that are supported by these algorithms. 
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1. Introduction 

Sequential pattern mining is the method of finding interesting sequential patterns among the large databases. It also 
finds out frequent subsequences as patterns from a sequence database. Large amount of data are being collected and 
stored in many industries and they are interested in finding the sequential patterns from their database. Sequential 
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pattern mining have many applications including, the analysis of customer purchase patterns, web-access patterns, 
disease treatments, finding telephone calling patterns, analysis of DNA sequences etc [17,14,16].  

The rest of the paper is structured as follows. In section 2, basic concept of sequential pattern mining is discussed. 
Section 3 describes Apriori based algorithms for sequence pattern mining. Section 4 describes pattern growth based 
algorithms. Section 5 address the comparison of sequential pattern mining algorithms based on different features 
Section 6 concludes the discussion of our study.  

2. Basic Concept of Sequential Pattern Mining 

In this section, basic concepts and the formulation of sequential pattern mining problem is explained. Let us consider 
D be a database of customer transactions, I= {I1,I2,.....,Im} be a set of m distinct attributes called items. A sequence is 
an ordered list of itemsets. A sequence S is denoted by <s1,s2,......,sl>, where Si is an itemsets, i.e. Si ⊆ I. Si is also 
called an element of the sequence. Since an element is a set, and the order of it’s items is not important. Length of a 
sequence is the number of instance of items in that sequence [8]. A sequence α = <a1 a2 ..... an> is called 
subsequence of the β = <b1 b2 ....... bn> and denoted α ⊆ β, if there exist integers 1 ≤ j1 < j2 < ..... < jn ≤ m such that 
a1⊆bj1, a2⊆bj2, ......., an⊆bjn. Sequence α is also called the super sequence of β [17].  For example, if α=<{a b}, d> 
and β=<{a b c}, {b e}, {d e}, a> where a,b,c,d and e are items then α is a subsequence of β. A sequence α is called a 
frequent sequence pattern in sequence database S, if the number of tuples in S that contain α is greater than or equal 
to a given positive integer γ, called support threshold, or minimum support, i.e. support(α) ≥ γ [8]. The problem of 
sequential pattern mining is to find the complete set of frequent sequential patterns in a sequence database for a 
given minimum support threshold. Previous investigation done in the field of sequential pattern mining shows that 
the algorithms for sequential pattern mining are broadly divided into two section  Apriori based algorithms and the 
Pattern growth based algorithms[12]. There are different features of these two categories of algorithms, we first 
inspect these features and then discuss some of the algorithms from these category.   

3.  Apriori-Based algorithms 

Apriori-based Sequential Pattern mining was first proposed in [1] termed AprioriAll algorithm set the ground for 
engender the algorithms that are largely depends on the apriori property[3] and uses the Apriori-generate join 
scheme to produce candidate sequences. The apriori property says that “any sub-pattern of a frequent pattern must 
be frequent” [3]. It is also delineate as antimonotonic, in that if the sequence cannot gratify the minimum support 
value, all of its super sequences will also let down the test.  

3.1 Key-features of Apriori-Based Algorithm 

The key features of Apriori-Based algorithms are as follows [8]: 

3.1.1 Breadth-first search  

Apriori-based algorithms are delineate as breadth-first(level-wise) search algorithms because in breadth-first search 
algorithms all k-sequences are constructed together in each kth iteration of the algorithm as they traverse the search 
space.  

3.1.2 Generate-and-test 

Like in the apriori algorithm [3] frequent patterns are generated one item at a time the same concept of apriori 
algorithm are used for the generation of candidate sequences one item at a time in the apriori based sequential 
pattern mining algorithms and tested versus the minimum support. Algorithms that build upon this feature generate 
large number of candidate sequences, waste a lot of memory in the initial stage of mining.  
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3.1.3 Multiple scans of database 

The sequential pattern mining algorithms that depends on the apriori algorithm in that we know large number of 
candidates are generated at each stage to prune large number of candidates we required to scan database multiple 
times which requires a lot of processing time. 

3.2 AprioriAll 

Sequential pattern mining was first proposed in [1]. If we have the customer transaction database with three 
attributes customer-id, transaction-time and purchased items, the problem of mining sequential pattern is to find the 
maximal sequences from all frequent sequences that satisfies the minimum support value. There are five steps in the 
AprioriAll algorithm - sort phase, itemsets phase, transformation phase, sequence phase and maximal phase [1,10]. 
In sort phase the database is sorted with customer-id as the major key and transaction time as the minor key and after 
that the database is converted into the sequence database. In the itemsets phase the database is scanned to obtain 
frequent 1-sequences and also large 1-itemset. The set of itemsets is then mapped to a set of contiguous integers. In 
transformation phase the sequence database is transformed into set of sequence database by those large itemsets. 
Now if the sequence database does not contain any large itemsets, then that sequence is not carry in the transformed 
sequence. In the sequence phase multi-passes are performed over the database to found the sequential pattern [10]. 
This phase is somewhat similar to the candidate generation and test step of the apriori algorithm [3]. In the 
AprioriAll algorithm we first found the frequent 1-sequences from the transformed database and this frequent1-
sequence becomes the seed set for finding the frequent 2-sequences and the process will carryout up to the point 
when no more frequent sequences generation are possible. After the sequence phase we see that lots of frequent 
sequences are generated so to reduce this huge number of frequent sequences we are only interested in the maximal 
sequences [1,10]. The sequences are called maximal sequences if s is not contained in any other sequence [1]. One 
of the drawback of AprioriAll algorithm was that it generates lots of candidate sequences so it is very time 
consuming process to prune the candidate sequences [7]. 

3.3 Generalized Sequential Pattern (GSP) 

GSP [2] is an Apriori based algorithm for sequential pattern mining. GSP executes a multiple passes over the 
database for finding the sequential pattern. In the first pass all 1-sequences are found. From this frequent 1-
sequence, a set of candidate 2-sequences are founded and where another pass is done on the database to found the 
support of the candidate 2-sequences. Now, the frequent 2-sequnces forms the seed for the generation of candidate 
3-sequnces and then by scanning the database frequent 3-sequences are found and the process is repeated until no 
more candidate sequences can be generated. 

3.4 Apriori-GST 

Apriori-GST is the combination of generalized suffix tree (GST) index and modified apriori algorithm that uses the 
GST index for calculating the support of a candidate [19]. The Apriori-GST is an Apriori-like algorithm because it 
uses the Apriori candidate generation mechanism. Compare to AprioriAll and GSP which requires multiple scan of 
database for calculating the support of candidate sequences Apriori-GST uses GST index for this which avoids 
multiple scan of database [19]. 

3.5 SPADE 

SPADE algorithm was described in [4] and it is based on the search-space partitioning feature, where the database is 
represented in vertical layout format [4,8]. SPADE uses the equivalence classes to partition the search space, for 
sequential pattern mining [4]. The database or the search space for support counting is represented in lattice 
structure. These large search space or lattice is divided into sub-lattice for efficient processing of finding the 
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frequent sequential patterns. SPADE uses an id-list concept which can be viewed as the atoms to construct support 
counts for larger sequences. 

3.6 SPAM  

The SPAM algorithm is described in [5]. SPAM uses a vertical bitmap representation of the database, and depth-first 
traversal of the search space with various pruning scheme for efficient support counting [5,8,11]. A vertical bitmap 
for each item in the database is constructed while scanning the database for the first time. The algorithm uses a 
lexicographic sequence lattice which allows the candidate to be generated in one of two ways: sequence extended 
using an S-step process and itemsets extended using an I-step process. SPAM traverses the sequence lattice in depth-
first search manner and counts the support of each sequence-extended or item set extended candidates against 
minimum support recursively [5]. If the support of a certain candidate sequence s is less than minimum support there 
is no need to repeat depth-first search on s by the apriori property [3]. Final candidate sequence in S-step process is 
obtained by first transforming the first sequence and then performing the bitwise AND operation between this 
transformed bitmap and bitmap of the item to be extended. In I-step no transformation is done only the bitwise AND 
operation is done between the sequence bitmap and the items bitmap. The difference between the SPAM and 
SPADE is that instead of bitwise operation SPADE uses the temporal joins for founding the sequence [8].  

4. Pattern-Growth Based Algorithms 

Promptly after the apriori-Based approaches in the mid-1990s, the pattern growth approaches appear in the decade 
of 2000 onwards as a solution to the issue of generate-and-test [6,7]. The crucial feeling is to avert the candidate 
generation step, and to target the search on restricted portion of the original database. The search space partitioning 
factor shows an essential role in pattern-growth. Approximately every pattern-growth algorithm starts by making a 
representation of the database to be mined, then suggests a way to partition the search space, and generates as less 
candidate sequences as possible by expanding on the previously mined frequent sequences, and employing the 
Apriori property as the search space is being traversed recursively seeing for frequent sequences [8]. FreeSpan [6] 
and PrefixSpan [7] are the two algorithms started using projected database approach latter being the most 
influencing. 

4.1 Key-features of Pattern-Growth Algorithms  

The key features of Pattern-Growth based algorithms are as follows [8,11,12]: 

4.1.1 Candidate sequence pruning 

Pattern-growth algorithms try to use a data structure that permits them to prune candidate sequences early in the 
mining process. Pattern-growth algorithms that can prune candidate sequences early in the mining process have a 
smaller search space. 

4.1.2 Depth-first search 

As we know in the breadth-first search algorithms we have to construct all k-sequences together in each kth iteration 
which requires a lot of search space. So multiple scanning is required to prune large number of candidates. On the 
other hand depth-first search of the search space produces a big variation in performance, and also helps in early 
pruning of candidate sequences. The main reason for this achievement is due to the fact that depth-first search uses 
much less memory, more directed search space, and thus less candidate sequences are generated compare to the 
breadth-first search based algorithms. 
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4.1.3 Search Space Partitioning 

This feature is used for efficient memory management. In this approach the search space is divided and allows 
mining of the each partition in parallel for faster processing. One of the search space partitioning technique was 
projected database approach [6,7] in the projected database approach the sequence database is divided into smaller 
database based on frequent 1-sequences. Then, all the projected database based on the prefix are mined for the 
sequential pattern recursively [7]. 

4.1.4 Prefix-Growth 

Sequential pattern mining algorithms that relies on projected database approach first finds the frequent k-sequences 
usually frequent 1-sequences. Then this frequent 1-sequence is used as a prefix and this prefix is used to generate the 
projected database [7]. Then this projected database is recursively mined for finding the frequent sequences [7]. The 
benefit of this approach is to reduce the amount of memory required [8]. 

4.1.5 Tree Projection 

Tree projection usually leads to the pattern-growth algorithms. Tree projection algorithms usually implement a 
physical tree data structure of the search-space [8]. Then this tree data structure is traversed either in breadth-first or 
in depth-first manner for searching a frequent sequence. WAP-mine algorithm uses the WAP-tree structure [20] 
while FS-Miner uses the FS-tree structure [21] for mining sequential patterns. 

4.2 FreeSpan 

This algorithm was proposed in [6] with the aim of reducing the huge number of candidate sequences generated by 
apriori based algorithms [6,8]. This algorithm first found the frequent 1-sequences from the sequence database 
which requires one pass over the sequence database the list of frequent 1-sequences are known as f-list. After 
finding the f-list a lower triangular matrix of the item in f-list is constructed. From this matrix which is known as the 
S-matrix we found the frequent 2-sequences. Now to construct the S-matrix one more database scan is required. 
After founding the length 2-frequent sequences annotations on repeating items and annotations on projected 
database are derived which are used to found the frequent sequences with length more than two without referring to 
the S-matrix. The rest of sequential patterns with length more than two are generated based on the annotation for 
item-repeating patterns and projected database. For a projected database whose annotation contains exactly three 
items, the sequential patterns associated with this projected database are obtained directly by scanning of this 
projected database. The projected database whose annotation contains more than three items, to found the sequential 
patterns associated with this projected database again we construct the frequent item matrix and recursively mine its 
frequent sequential pattern. The major cost of FreeSpan is the computation and creation of the projected database 
[7,8,11]. 

4.3 PrefixSpan  

This algorithm Constitute on the basis of FreeSpan algorithm [8]. This algorithm examines only the prefix 
subsequences and projects only their corresponding postfix subsequences into projected database. As like in the 
FreeSpan algorithm first step is to found the frequent 1-sequences then these 1-sequences are used as the prefix to 
construct the prefix projected database. Now the frequent sequences with length two or more are found from the 
projected database in a recursive manner. One of the advantage of PrefixSpan is that no candidate sequences need to 
be generated that do not exit in a projected database [8,11]. One of the drawbacks of PrefixSpan is the construction 
of projected database in level-by-level manner which is overcome by using the bi-level projection [8]. PrefixSpan 
search the complete set of sequential pattern by using the divide-and-conquer strategy and enormously reduces the 
effort of candidate subsequence generation [11]. 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 3, March 2014, Pg: 120-127 

Kalpesh A Kshatriya, IJRIT  125 

 

4.4 FS-Miner 

FS-Miner is influenced by FP-tree [22] and ISM [8] and it is a tree projection pattern growth algorithm that is 
somewhat similar to WAP-mine [20] and supports incremental and interactive mining. The importance of FS-Miner 
is that it starts mining directly with 2-subsequences from the second scan of the database which is also the last scan 
of the database. This is possible because FS-Miner uses the compressed representation of FS-tree, which uses the 
header table of edges also known as links [8].  

5. Comparative Study of Some Sequential Pattern Mining Algorithms 

Comparison of sequential pattern mining algorithms is done on the basis of various features supported by these 
algorithms some of the features are discussed below. Table 1 shows the different features supported by different 
algorithms [8, 9, 11, 12]. 

5.1 Statistical vs. Incremental Database  

In sequential pattern mining when the database are static for mining frequent sequential patterns it is known as static 
mining. Incremental mining always associate with all data mining techniques, because all the databases are 
renovated over time. It is essential in sequential pattern mining because our sequence data is always changing with 
time. For example the sequential data of some departmental stores are updated every day with a new element. The 
algorithms for sequential mining are listed in table1 are not applicable in this situation so researcher are trying to 
find some algorithms that are more efficient for incremental mining. 

5.2 Apriori-Based vs. Pattern-growth Based  

Apriori-based algorithms are dependent on the apriori property [3] and use the apriori-generate join scheme to 
produce candidate sequences. The apriori property says that “any sub-pattern of a frequent pattern must be frequent” 
[3]. Pattern-growth algorithms avert the candidate generation step, and target the search on restricted portion of the 
original database. The search space partitioning factor shows an essential role in pattern-growth.   

5.3 BFS-Based vs. DFS-Based Approach 

In a BFS based algorithms level-by-level search can be conducted to find the sequential patterns. In this approach all 
k-sequences are constructed together in each kth iteration of the algorithm as they traverse the search space. On the 
other hand in DFS approach all sub arrangements on a path must be explored before moving to the next one. 

5.4 Top-down vs. Bottom-up search 

In top-down approach subset of sequential patterns can be mined by the corresponding set construction of projected 
database and mining each recursively from top to bottom. On the other hand in bottom-up approach every single 
frequent sequences are itemized. 

Table1 Comparative Study of some Sequential Pattern Mining Algorithms  

 AprioriAll GSP Apriori-
GST 

SPADE SPAM FreeSpan PrefixSpan FS-
Miner 

Statical database � � � � � � � � 
Incremental database        � 
Apriori Based � � � � �    
Pattern Growth 
Based 

     � �  

BFS-Based � �       
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DFS-Based    � � � � � 
Prefix growth       �  
Vertical Database 
format 

   � �    

Search Space 
partitioning 

     � � � 

Bottom-Up search � �  � �    
Top-Down search      � �  
Tree-Projection        � 

 

6. Conclusion 

This paper has presented a comparative study of some sequential pattern mining algorithms based on the two 
approaches of sequential pattern mining namely Apriori based and Pattern-Growth based. Different algorithms 
support different features like apriori-base, pattern-growth, BFS, DFS which have been discussed in the paper. From 
the study, it has been observed that one major drawback of apriori based algorithms like AprioriAll and GSP is that 
by this algorithm lots of candidate sequences are generated which requires a lot of time for pruning. This adds much 
computational expenses to the algorithm. This drawback of such Apriori based algorithms are reduced by pattern-
growth based algorithms which mostly focus on the search space partitioning by projected database approach. It has 
been observed from the study that PrefixSpan is one of the popular algorithms for sequential pattern mining because 
there is no candidate generation process like in Apriori-Based algorithms.      
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