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Abstract

Sequential pattern mining, since its introduction has
received considerable attention among the researchers
with broad applications. The sequential pattern algorithms
generally face problems when mining long sequential
patterns or while using very low support threshold. One
possible solution of such problems is by mining the closed
sequential patterns, which is a condensed representation of
sequential patterns. Recently, several researchers have
utilized the sequential pattern discovery for designing a
web recommendation system, which provides personalized
recommendations of web access sequences for users. This
paper describes the design of a web recommendation
system for providing recommendations to a user‘s web
access sequence. The proposed system is mainly based on
mining closed sequential web access patterns. Initially, the
PrefixSpan algorithm is employed on the preprocessed
web server log data for mining sequential web access
patterns. Subsequently, with the aid of post-pruning
strategy, the closed sequential web access patterns are
discovered from the complete set of sequential web access
patterns. Then, a pattern tree, a compact representation of
closed sequential patterns, is constructed from the
discovered closed sequential web access patterns. The
Patricia trie based data structure is used in the construction
of the pattern tree. For a given user’s web access
sequence, the proposed system provides recommendations
on the basis of the constructed pattern tree. The
experimentation of the proposed system is performed
using synthetic dataset and the performance of the
proposed recommendation system is evaluated with
precision, applicability and hit ratio.

Keywords: Closed Sequential pattern mining, Web
Personalization, Web server log data, Prefix span, Pattern
tree, Patricia trie.

1. Introduction

The development of data mining techniques has been
centralized on discovering hidden data in an efficient way

that is beneficial for corporate decision-makers [1, 2].
Sequential pattern mining is an important subject of data
mining which is extensively applied in several areas [3]. In
general, sequential pattern mining is defined as
determining the complete set of frequent subsequences in
a set of sequences [4, 13]. Sequential pattern is a sequence
of itemsets that frequently appear in a particular order,
such that, all items in the same itemset are expected to
have the same transaction time value or within a time gap.
Each sequence relates to a temporally ordered list of
events, where each event is considered as a collection of
items/itemset occurring at the same time [5]. Generally, all
the transactions of a customer are collectively considered
as a sequence, known as customer-sequence, where each
transaction is denoted as an item set in that sequence and
all the transactions are listed in a particular order in
connection with the transaction-time [6].

Normally, sequential pattern mining algorithms determine
all frequent sequential patterns, defended by a minimum
support from a database of sequences. This mining
algorithm has an outcome of the following two problems.
(1) First, sequential pattern mining generates large number
of candidate patterns in an exponential curve regularly,
which is unavoidable when the database comprises of long
frequent sequential patterns. For instance, let us assume
that the database holds a frequent sequencei,i,,...,i,

k=20, it will generate (2 A 20) —1 frequent subsequences

which are basically redundant patterns. (2) Second,
establishing minimum support is also a challenging task
for knowledge works: The smaller value of minimum
support may lead to generate larger amount of candidate
sequential patterns, while a larger value may result in no
answer [7]. A closed sequential pattern mining is
developed to address the challenges in mining all frequent
sequential patterns like the large number of mined
patterns, low support threshold and the long running time
[8, 9].

A closed sequential pattern is said to be a specialized
sequential pattern which has no super-sequence with the
same occurrence frequency [10]. There exist two
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approaches for mining closed frequent patterns: (1)
determine the final closed pattern set (2) determine a
closed pattern candidate set and perform post-pruning on it
(for the extreme cases, perform on-the-fly checking, to be
exact.,, for each newly determined pattern verify the
previous patterns to notice if it is closed with respect to the
discovered patterns). It seems desirable to employ the first
approach owing to the reason that the second needs
memory space to store the discovered patterns and
perform post-pruning; but, when the patterns turn out to be
more complex, it is hard to assure that each generated
pattern is closed without examining the formerly
discovered patterns [11]. The mining of closed sequential
pattern have fascinated most of the researchers for its
potential of employing compact results to maintain the
equivalent expressive power as traditional mining [12].

In recent years there has been an overwhelming attention
in employing sequential mining techniques to construct
personalization systems. In order to obtain a compact
result, usage of closed sequential pattern mining is more
useful as it retains all the potential information. Web
personalization is any action that amends the data or
services offered by a Web site to the requirements of a
specific user or a set of users procuring benefit of the
knowledge obtained from the user’s navigational behavior
and individual interests, together with the content and the
structure of the Web site [14]. The purpose of a Web
personalization system is to supply users with the
information they require, without expecting from them to
ask for it clearly [15]. Web Recommender system is a kind
of personalized web application which supplies
considerable user value by personalizing a number of sites
on the Web [16].

Web recommender systems have been drawing attention
to a greater extent as an appropriate approach to counter
information overload and aid the users of the Web
information space to find what they require in a faster way
[17]. Web recommendation systems [18] are useful in
instructing the users to the target pages. On the other hand,
employing recommendation systems to available Web
sites needs considerable work and knowledge [19]. There
exist many methods to build such systems. Among these
methods, the building of web recommendation system by
web access log is an accepted method [20], [21]. In this
paper, we have designed a web recommendation system
based on closed sequential pattern. The proposed system
can be used for generating a personalized Web experience
for the user. The input to the proposed system is the web
server log data. The web server log data describes the
users visiting behavior and generally consists of the
following fields: IP address, access time, HTTP request
method used, URL of the referring page and browser
name. It is difficult to mine frequent sequential web

access patterns from the raw web server log data directly.
So, the web server log data is to be preprocessed and then
sequential web access patterns are mined from it. Then,
closed sequential web access patterns are discovered from
the mined sequential web access patterns. Subsequently, a
pattern tree is constructed using the mined closed
sequential web access patterns. For a current user access
sequence, web recommendations can be given to the user
by matching the constructed pattern tree.

The rest of the paper is organized as follows: Section 2
presents a brief review of the researches related to the
proposed system. Section 3 details the proposed web
recommendation system. The experimental results and
performance evaluation of the proposed system are given
in Section 4 and finally the conclusions are summed up in
Section 5.

2. Review of Related Research

Numerous researches are available in the literature for web
recommendation system using sequential pattern mining.
It looks more preferable if we design web
recommendation system based on closed sequential
patterns for its compact representation. Here, we present
some of the researches related with closed sequential
pattern mining along with web recommendation system
based on sequential pattern mining.

Zhou. B et al. [26] have proposed an intelligent Web
recommender system identified as SWARS (sequential
Web access-based recommender system) that employs
sequential access pattern mining. In the proposed system,
CS-mine, an efficient sequential pattern mining algorithm
was made use of to recognize frequent sequential Web
access patterns. The access patterns were then stored in a
compact tree structure (Pattern-tree) which was then
employed for matching and generating Web links for
recommendations. The performance of the proposed
system was assessed on the basis of precision, satisfaction
and applicability. An efficient sequential access pattern
mining algorithm, called CSB-mine (Conditional
Sequence Base mining algorithm) was presented by
Baoyao Zhou et al. [27]. The presented CSB-mine
algorithm was on the basis of conditional sequence bases
of each frequent event which removes the need for
constructing WAP-trees. This enhanced the efficiency of
the mining process considerably in comparison to WAP-
tree based mining algorithms, particularly when the value
of support threshold becomes smaller and the database
size gets larger. The proposed CSB-mine algorithm and its
performance were discussed. They have also described a
sequential access-based web recommender system that has
included the CSB-mine algorithm  for  web
recommendations.
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Cui Wei et al. [28] have presented a hybrid web
personalization system which was on the basis of
clustering and contiguous sequential patterns. Their
system clustered log files to find out the basic architecture
of websites, and for each -cluster, they employed
contiguous sequential pattern mining to optimize the
topologies of websites further. They have presented two
evaluating parameters to test the performance of our
system. Zhenglu Yang et al. [13] have presented an
efficient sequential mining algorithm (LAPIN_WEB:
LAst Position INduction for WEB log), which is an
extension of previous LAPIN algorithm to extract user
access patterns from traversal path in Web logs. Web log
mining system comprises of data preprocessing, sequential
pattern mining and visualization. The experimental results
and performance studies established that LAPIN_WEB
was efficient and outplayed familiar PrefixSpan by up to
an order of magnitude on real Web log datasets.
Furthermore, they also implemented a visualization tool to
aid interpret mining results and also forecast users’ future
requests.

Kuo-Yu Huang et al. [29] have presented an approach
which extends a frequent sequence with closed itemsets
instead of single items. The closed sequential patterns
were made up of only closed itemsets. Therefore, needless
item extensions which generate non-closed sequential
patterns were prevented. Experimental results proved that
the proposed approach was two orders of magnitude faster
than the existing related works with a reasonable memory
cost. An efficient algorithm, known as TSP (top-k closed
sequential patterns), was developed by Petre Tzvetkov et
al. [30] for mining closed patterns without min_support.
Starting at (absolute) min_support=1, the algorithm used
the length constraint and the properties of top-k closed
sequential patterns to execute dynamic support raising and
projected database pruning. The performance study
illustrated that TSP has high performance. It outplayed the
efficient closed sequential pattern-mining algorithm,
CloSpan, even when the latter was processed with the best
tuned min_support threshold.

Takeaki Uno et al. [31] have presented an efficient
algorithm LCM (Linear time Closed pattern Miner) for
mining frequent closed patterns from large transaction
databases. The major contribution towards the theoretical
part was the proposed prefix-preserving closure extension
of closed patterns, which allowed them to look for all
frequent closed patterns in a depth-first manner, in linear
time for the number of frequent closed patterns. Their
algorithms do not require any storage space for the earlier
obtained patterns, while the existing algorithms require it.
Performance analysis of LCM with straightforward
algorithms illustrated the positive aspects of prefix-

preserving closure extension. Nancy P. Lin et al. [7] have
presented an algorithm for mining closed frequent
sequences, a scalable, condensed and lossless structure of
complete frequent sequences that was mined from a
sequence database. The algorithm, FMCSP (Fast Mining
of Closed Sequential Patterns), has employed a number of
optimization methods, namely equivalence class, to lessen
the needs of searching space and run time. Specifically,
one of the main problems in this type of algorithms was
the redundant generation of the closed sequences;
therefore, they presented an efficient and memory saving
methods, diverse from existing works, that does not
require the complete set of closed sequences to be residing
in the memory.

3. A Proposed Web Recommendation System Based
On Closed Sequential Patterns

Web Personalization is an application of data mining and
machine learning techniques to build models of user
behavior. It can be useful to the task of predicting user
needs and adapting future interactions with the main aim
of improved user satisfaction [22]. A unique and important
class of personalized Web applications is represented by
Web recommendation systems. It highlights on the user-
dependent filtering and selection of relevant information.
Several approaches like Content-Based Filtering,
Clustering Based  Approaches, Graph Theoretic
Approaches, Association and Sequence Rule Based
Approaches are available in the literature for designing
web recommendation system [22]. Here, the proposed web
recommendation system is designed based on the closed
sequential patterns. The proposed system is used for
generating a personalized Web experience for a user. The
block diagram of the proposed web recommendation
system based on closed sequential patterns is given in Fig
1. The important steps for generating recommendations to
the user is as follows,

Preprocessing

Mining of sequential web access patterns

Mining of closed sequential web access patterns
Construction of Pattern tree

Generation of recommendations for user web
access sequences
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Fig 1: Block diagram of the proposed web recommendation system
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3.1 Preprocessing

The purpose of data preprocessing is to extract useful data
from raw web log and then transform these data in to the
form necessary for pattern discovery. Due to large amount
of irrelevant information in the web log, the original log
cannot be directly used in the web log mining procedure,
hence in data preprocessing phase, raw Web logs need to
be cleaned, analyzed and converted for further step. A
Web log is a file to which the Web server writes
information each time a user requests a resource from that
particular site. Most logs use the format of the common
log format. Each entry in the log file consists of a
sequence of fields relating to a single HTTP transaction
with the various fields.

The input for the proposed web recommendation system is
a web server log data and it comprises IP address, access
time, HTTP request method used, URL of the referring
page and browser name (for an instance, Web server log
file: 192.162.26.12 [12/Oct/2009:11:17:55] "GET /
HTTP/1.1"
“http://en.wikipedia.org/wiki/Association_rule_learning"
Mozilla/5.0 Windows xp). It is difficult for these web
server log data to be directly used to mine the desired
sequential pattern mining process. So, due to that
phenomenon, the following preprocessing techniques need
to be used in the raw web server log data.

(1) User Identification:  User identification means
identifying each user accessing web page, whose goal is to
mine every user’s access characteristic. Users may be
tracked based on the IP address of the computer requesting
the page and user sessions. A new IP address is used to
identifying the new user and at the same time, the user
session must be within certain time limits.

(2) Mapping: For every identified user, the visiting web
pages are arranged into row-wise in such a way that it
forms the sequential database D .

3.2 Mining of Sequential web access Pattern

Sequential web access patterns are mined from the
sequential database D, which is a set of 2-
tuples (sid, ), where sid is a user-id and & is a

sequence of web pages accessed by users. The problem of
mining sequential pattern is defined as: Let

W :{Zl,...,zn } be a set of web access events. A
sequence o = <Zl - Z|> is an ordered list of web access

events. A web access event Z, (lS i < I) in a sequence
may have a special attribute like, timestamp denoted as
Z,.t, which registers the time when the web access event

Z, was executed. As a notational convention, for a
sequence

a=(Z,--2,),Z;.t<Z;tforl<i<j<l. The
number of web access event in a sequence is called the
length of the sequence. A sequence o with length | is
called an |-sequence, denoted as len(a)=1. A

sequence a:<Zl...Zn> is called a subsequence of
another sequence 3 = <Y1-~~Ym>, (n<m) and B a
super-sequence of «, denoted as o < £, if there exist
integers 1<ij<---<iy €£m such that
Z, <Y, Z, <Y, . Atuple (sid, @) in a sequence

database S is said to contain a sequence y, if y isa
subsequence of ¢ . The number of tuples in a sequence
database S containing sequence y is called the support

of y, denoted as SUP(y). Given a positive integer
min_sup as the support threshold, a sequence y is a

sequential pattern in sequence database S if
sup(y) = min_sup [23].

3.2.1 PrefixSpan algorithm

The proposed recommendation system utilizes PrefixSpan,
a well-known pattern-growth algorithm, for mining the
complete set of sequential web access pattern from the
sequential database D . The main advantage of PrefixSpan
is the use of projected databases. An a-projected sequence
database is the set of subsequences in the sequence
database that are suffixes of the sequences that have the
prefix a. In every step, the algorithm checks for the
frequent sequences with prefix a, in the correspondent
projected database [24]. The algorithmic description of
PrefixSpan algorithm is shown in Fig 2.

Input : A sequence database §, and the minimum support
threshold min_sup
Output : The complete set of sequential patterns

Method: Call PrefixSpan({ },0,5)

Subroutine: PrefixSpan (a1, S1,)

Parameters: & : a sequential pattern; /: the length of e ; S, : the a-
projected database, if e = { }: otherwise, the sequence
database S .

Method:

1. Scan S|, once, find the set of frequent items b such that

a) bcan be assembled to the last element of ato form a
sequential pattern: or
b) {b::: can be appended to @ to form a sequential pattern.

2. For each frequent item b, append it to & to form a sequential
pattern ', and output '

3. For eachea', construct a'-projected database Sl,.. and call
PrefixSpan (', 1 +1,51,).




1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 3, No 4, May 2010 31

ISSN (Online): 1694-0784
ISSN (Print): 1694-0814

Fig 2: Pseudo Code of the PrefixSpan algorithm
3.3 Mining of Closed Sequential Web Access Patterns

This sub-section details the mining of closed sequential
web access patterns from the complete set of sequential
web access patterns (FS ) resulted from the previous sub-
section. The closed patterns are mined with the aid of the
post-pruning strategy. The definition of closed sequential
patterns is as follows:

Definition: The set of closed frequent sequential pattern is
defined as follows.

CS={a| @ e FSand3  FSsuch that < g andsupporta) =suppor{3)}
The recommendation system used with the closed
sequential pattern mining has the same expressive power
as compared with the regular sequential pattern mining.
Additionally, the closed sequential patterns have the
capability to provide the compact result set (reducing the
generation of the number of sequential patterns) [25].

First, each sequential web access pattern in the pattern set
FS, is compared with the other patterns in the set, for

instance Fs,- The patterns g5 is removed from the pattern

set FS, if and only if, (1) the support of both web access
patterns fs and FS, should be same and (2) FS, must

be a subset of s (Fs, ¢ st)- At the end, we obtain the

closed pattern set CS (cs c Fs) from the pattern setFS .

Example: Consider a sequential database of web access
sequence D in Table 1. The complete set of sequential
patterns with min_sup=2 are FS = {a:4, aa:2, ab:4,
abb:2, abc:4, ac:4, b:4, bb:2, bc:4, c:4, ca:3, cab:2, cabc:2,
cac:2, ch:3, chc:2, cc:2}. The set FS consists of 17
sequences. From these 17 frequent sequential patterns, the
closed sequential patterns discovered are: cs= {aa:2,
abb:2, abc:4, ca:3, cabc:2, ch:3}. From the above example,
it is clear that closed sequential pattern set CS is a
compact list of frequent sequential pattern set FS .

User id Web access sequence
1 caabc
2 abch
3 cabc
4 abbca

Table 1: Sample sequential database of web access sequences

3.4 Construction of Pattern Tree

The construction of a pattern tree from the mined closed
sequential web access patterns is described in this sub-

section. The constructed pattern tree is used in making the
recommendation for a user’s web access sequence. The
constructed pattern tree is based on the Patricia trie (Radix
tree or crit bit tree) [32] data structure. In general, the
Patricia trie is used to store a set of strings but in regular
trie, single character is stored in each node. By using
Patricia trie, the tree can be even more compacted when
compare with the regular trie. The procedure for
constructing the pattern tree in the proposed system is as
follows:

1) Create an empty root node.

2) Insert the most sub pattern in the closed pattern
set CS into a node next to the root node.

3) Insert the postfixes of pattern into child node if
the current pattern to be inserted is a super pattern
of inserted patterns.

4) Otherwise, current pattern is inserted into the
node next to the root node.

5) Step 3 and step 4 is repeated for every pattern in
the closed pattern setcs .

Example: The closed web access sequential pattern CS =
{aa: 2, abh: 2, abc: 4, ca: 3, cabc: 2, ch: 3}. Initially, we
create an empty root node. Then, web access patterns <aa:
2>, <abb: 2>, <abc: 4> and <ca: 3> are inserted next into
the root node based on the procedure depicted above. Web
access pattern <cabc: 2> is a super pattern of <ca> so that
the postfix of <ca> i.e., <bc> is inserted into a child node
of <ca>. Moreover, <cb> is also inserted next to the root
node. The pattern tree for the chosen example is shown in
Fig 3.

Gl].‘lh:é:) .“:;:'lhl.:: 4}' "/:La_ ;}

A

{ het 2

N
Fig 3: The Pattern-tree constructed from the closed sequential web access

patterns

3.5 Generation of Recommendations for user access
sequences

The constructed pattern tree is used for matching and
generating web links for recommendations for user access
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sequences. Once the pattern tree is constructed, instead of
using the sequential database of web access sequenceD,
we can use the constructed pattern tree for the generation
of recommendations. The recommendations are retrieved

for a given user’s web access sequence S, length of the

user web access sequence S must satisfy the thresholds
(minlen and maxlen). For a user’s web access sequence,
initially, the sequences with the presence of the user
access sequence are identified from the constructed pattern
tree. Then, the postfixes of those patterns are provided as
recommendation to the user’s web access sequence. For a
pattern without postfixex, it’s child node are provided as
recommendations.

For instance, the proposed system  provides

recommendations R for user web access sequences <ab>
and <ca> as follows:

Case 1: The constructed pattern tree is searched for
sequential patterns with the presence of User’s web access
sequence <ab>. In the pattern tree (shown in figure 3),
next to the root node has the sequences <abb: 2> and
<abc: 4> that are subset of given user web access sequence
<ab>. So the postfixes of these sequential patterns i.e.,
<b> and <c> are given as recommendations to the user

(R=b:2andc: 4).

Case 2: For user web access sequence <ca>, the pattern
tree (shown in figure 3) is searched for pattern with the
presence of <ca>. As the pattern <ca> does not have any
postfixes, it’s child node i.e., <b> is provided as

recommendations for the user (R = b: 2).
4. Experimental Results and Analysis

The performance evaluation and the experimental results
of the proposed recommendation system are presented in
this section. The proposed recommendation system is
implemented in Java (jdk 1.6). The synthetic dataset is
used for evaluating the performance of the web
recommendation system. The used synthetic dataset has a
collection of web access sequence and it is spitted into
two parts: (1) Training dataset: It is used for designing
the web recommendation system based on mined closed
sequential patterns on it and (2) Test dataset: It is used to
test the designed web recommendation system. At first,
the pattern tree is constructed by using the training dataset
and then, the proposed web recommendation system is
evaluated with the test dataset by using the evaluation
measures given below.

4.1 Evaluation Measures

By evaluating the proposed system, we have used three
measures such as precision, applicability and hit ratio. The
formal definition of these three measures is given as,
+
Precision = ———

R*+R™
Where, R™ - Number of correct recommendations.

R™ = Number of incorrect recommendations.

Definition: LetS=g s, - S Sy s,be a web

j+1
access sequence of test dataset. The recommendation
R={r,r, - r}is generated by using the constructed
pattern tree for the

subsequences_, s, s, - s, (minlen < j < maxlen).

The recommendation & is said to be correct, if it contains

S (Sj+1€R)' Otherwise, R is said to be incorrect
recommendation.
P
Applicability = IEIR

Where, | R| = Total number of given requests.

+

Hit ratio = Precision x Applicabil ity = I‘—\;{—‘

4.2 Experimental Results

The experimental results of the proposed recommendation
system are presented in this section. We measure the
precision, applicability and the hit ratio for different
support thresholds and the results are plotted in graph as
shown in figure 4. The comparison of sequential pattern
mining (SPM) with closed sequential pattern mining
(Closed SPM) in terms of generated web access patterns is
given in Table 2 and the corresponding graph is shown in
fig 5.

< 120
100 '—'—'\\
- A N A —e— Precision
6 \: —=a— Applicablity
0 HitRatio

20 A

(%

Evaluation Measures

10 20 30 40 50
Support (%)

Fig 4: Evaluation measures vs. Support threshold

Support SPM Closed SPM
10 6203 4760
20 1125 1027
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1000 \‘
0 : -\.

10 20 30 40 50
Support (%)

30 559 470
40 218 201
50 92 85
Table 2: Number of patterns generated for SPM and closed SPM
7000
[%2]
@ 6000 A ’\
o
& < 5000
8 & 4000 - '\\ —+—SPM
=
5 @ 3000 \\ —=a—Closed SPM
T 3 2000
o
£
=
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Fig 5: Comparison graph of SPM and Closed SPM.
5. Conclusion

In this paper, we have devised a web recommendation
system based on closed sequential pattern mining. In the
proposed system, we have employed PrefixSpan (pattern
growth algorithm) for mining the sequential web access
patterns from the preprocessed web server log data and the
closed sequential web access patterns are obtained from
the mined sequential web access pattern. Then, Patricia
trie based data structure is used to build the pattern tree,
where mined closed sequential web access patterns are
stored. The target web link is given to the new user by
matching the pattern tree with the new user’s current web
access sequence. The proposed web recommendation
system is validated with the synthetic dataset and the
experimental results showed that the proposed system
outperformed with good precision, applicability and hit
ratio.
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