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Preface

This book contains the postworkshop proceedings of the 7th International Work-
shop on Knowledge Discovery from the Web, WEBKDD 2005. The WEBKDD
workshop series takes place as part of the ACM SIGKDD International Confer-
ence on Knowledge Discovery and Data Mining (KDD) since 1999.

The discipline of data mining delivers methodologies and tools for the anal-
ysis of large data volumes and the extraction of comprehensible and non-trivial
insights from them. Web mining, a much younger discipline, concentrates on the
analysis of data pertinent to the Web. Web mining methods are applied on usage
data and Web site content; they strive to improve our understanding of how the
Web is used, to enhance usability and to promote mutual satisfaction between
e-business venues and their potential customers.

In the last years, the interest for the Web as medium for communication,
interaction and business has led to new challenges and to intensive, dedicated
research. Many of the infancy problems in Web mining have now been solved
but the tremendous potential for new and improved uses, as well as misuses, of
the Web are leading to new challenges.

The theme of the WebKDD 2005 workshop was “Taming Evolving, Expand-
ing and Multi-faceted Web Clickstreams.” While solutions on some of the in-
fancy problems of Web analysis have reached maturity, the reality poses new
challenges: Most of the solutions on Web data analysis assume a static Web,
in which a solitary user interacts with a Web site. It is prime time to depart
from such simplifying assumptions and conceive solutions that are closer to Web
reality: The Web is evolving constantly; sites change and user preferences drift.
Clickstream data that form the basis of Web analysis are, obviously, streams
rather than static datasets. And, most of all, a Web site is more than a see-and-
click medium; it is a venue where a user interacts with a site owner or with other
users, where group behavior is exhibited, communities are formed and experi-
ences are shared. Furthermore, the inherent and increasing heterogeneity of the
Web has required Web-based applications to more effectively integrate a variety
of types of data across multiple channels and from different sources in addition
to usage, such as content, structure, and semantics. A focus on techniques and
architectures for more effective exploitation and mining of such multi-faceted
data is likely to stimulate a next generation of intelligent applications. Recom-
mendation systems form a prominent application area of Web analysis. One of
the emerging issues in this area is the vulnerability of a Web site and its users
towards abuse and offence. “How should an intelligent recommender system be
designed to resist various malicious manipulations, such as schilling attacks that
try to alter user ratings to influence the recommendations?” This motivates the
need to study and design robust recommender systems. WebKDD 2005 addressed
these emerging aspects of Web reality.
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In the first paper, Mining Significant Usage Patterns from Clickstream Data,
Lu, Dunham, and Meng propose a technique to generate significant usage patterns
(SUP) and use it to acquire significant “user preferred navigational trails.” The
technique uses pipelined processing phases including sub-abstraction of sessionized
Web clickstreams, clustering of the abstracted Web sessions, concept-based ab-
straction of the clustered sessions, and SUP generation. Using this technique, valu-
able customer behavior information can be extracted by Web site practitioners.
Experiments conducted using J.C.Penney Web log data demonstrate that SUPs
of different types of customers are distinguishable and interpretable.

In the second paper, Using and Learning Semantics in Frequent Subgraph
Mining, Berendt addresses the need for incorporating background knowledge
into graph mining and for studying patterns at different levels of abstraction,
by using taxonomies in mining and extending frequency / support measures
by the notion of context-induced interestingness. Semantics are used as well
as learned in this process, and a visualization tool is used to allow the user to
navigate through detail-and-context views of taxonomy context, pattern context,
and transaction context. A case study of a real-life Web site shows the advantages
of the proposed solutions.

In the third paper, Overcoming Incomplete User Models in Recommendation
Systems via an Ontology, Schickel and Faltings propose a new method that ex-
tends the utility model and assumes that the structure of user preferences follows
an ontology of product attributes. Using the MovieLens data, their experiments
show that real user preferences indeed closely follow an ontology based on movie
attributes. Furthermore, a recommender based just on a single individual’s pref-
erences and this ontology performs better than collaborative filtering, with the
greatest differences when few data about the user are available. This points the
way to how proper inductive bias (in the form of an ontology) can be used for
significantly more powerful recommender systems in the future.

The fourth paper, Data Sparsity Issues in the Collaborative Filtering Frame-
work by Grear, Fortuna, Mladenic, and Grobelnik gives an overview of collabo-
rative filtering approaches, and presents experimental results that compare the
k-nearest neighbor (kNN) algorithm with support vector machines (SVM) in
the collaborative filtering framework using data sets with different properties.
Experiments on two standard, publicly available data sets and a real-life corpo-
rate data set that does not fit the profile of ideal data for collaborative filtering
lead the authors to conclude that the quality of collaborative filtering recom-
mendations is highly dependent on the sparsity of available data. Furthermore,
they show that kNN is dominant on data sets with relatively low sparsity while
SVM-based approaches may perform better on highly sparse data.

The fifth paper focuses on the multi-faceted aspect of Web personalization.
In USER: User-Sensitive Expert Recommendations for Knowledge-Dense En-
vironments, DeLong, Desikan, and Srivastava address the challenge of making
relevant recommendations given a large, knowledge-dense Web site and a non-
expert user searching for information. They propose an approach to provide
recommendations to non-experts, helping them understand what they need to
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know, as opposed to what is popular among other users. The approach is user-
sensitive in that it adopts a “model of learning” whereby the user’s context is
dynamically interpreted as they browse, and then leveraging that information
to improve the recommendations.

In the sixth paper, Analysis and Detection of Segment-Focused Attacks Against
Collaborative Recommendation, Mobasher, Burke, Williams, and Bhaumik exam-
ine the vulnerabilities that have recently been identified in collaborative filtering
recommender systems. These vulnerabilities mostly emanate from the open na-
ture of such systems and their reliance on user-specified judgments for building
profiles. Hence, attackers can easily introduce biased data in an attempt to force
the system to “adapt” in a manner advantageous to them. The authors explore
an attack model that focuses on a subset of users with similar tastes and show
that such an attack can be highly successful against both user-based and item-
based collaborative filtering. They also introduce a detection model that can
significantly decrease the impact of this attack.

The seventh paper, Adaptive Web Usage Profiling, by Suryavanshi, Shiri,
and Mudur, addresses the challenge of maintaining profiles so that they dynami-
cally adapt to new interests and trends. They present a new profile maintenance
scheme, which extends the relational fuzzy subtractive clustering (RFSC) tech-
nique and enables efficient incremental update of usage profiles. An impact factor
is defined whose value can be used to decide the need for recompilation. The re-
sults from extensive experiments on a large real dataset of Web logs show that
the proposed maintenance technique, with considerably reduced computational
costs, is almost as good as complete remodeling.

In the eigth paper, On Clustering Techniques for Change Diagnosis in Data
Streams, Aggarwal and Yu, address the challenge of exploring the underlying
changing trends in data streams that are generated by applications which are
time-changing in nature. They explore and survey some of their recent methods
for change detection, particularly methods that use clustering in order to pro-
vide a concise understanding of the underlying trends. They discuss their recent
techniques which use micro-clustering in order to diagnose the changes in the
underlying data, and discuss the extension of this method to text and categorical
data sets as well community detection in graph data streams.

In Personalized Search Results with User Interest Hierarchies Learnt from
Bookmarks, Kim and Chan propose a system for personalized Web search that
incorporates an individual user’s interests when deciding relevant results to re-
turn. They propose a method to (re)rank the results from a search engine using a
learned user profile, called a user interest hierarchy (UIH), from Web pages that
are of interest to the user. The users interest in Web pages will be determined
implicitly, without directly asking the user. Experimental results indicate that
the personalized ranking methods, when used with a popular search engine, can
yield more potentially interesting Web pages for individual users.

We would like to thank the authors of all submitted papers. Their creative
efforts have led to a rich set of good contributions for WebKDD 2005. We would
also like to express our gratitude to the members of the Program Committee for
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their vigilant and timely reviews, namely (in alphabetical order): Charu Aggar-
wal, Sarabjot S. Anand, Jonathan Becher, Bettina Berendt, Ed Chi, Robert Coo-
ley, Wei Fan, Joydeep Ghosh, Marco Gori, Fabio Grandi, Dimitrios Gunopulos,
George Karypis, Raghu Krishnapuram, Ravi Kumar, Vipin Kumar, Mark Lev-
ene, Ee-Peng Lim, Bing Liu, Huan Liu, Stefano Lonardi, Ernestina Menasalvas,
Rajeev Motwani, Alex Nanopoulos, Jian Pei, Rajeev Rastogi, Jaideep Srivastava,
and Mohammed Zaki. O. Nasraoui gratefully acknowledges the support of the
US National Science Foundation as part of NSF CAREER award IIS-0133948.

June 2006 Olfa Nasraoui
Osmar Zaane

Myra Spiliopoulou

Bamshad Mobasher

Philip Yu

Brij Masand
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Mining Significant Usage Patterns
from Clickstream Data*

Lin Lu, Margaret Dunham, and Yu Meng

Department of Computer Science and Engineering
Southern Methodist University
Dallas, Texas 75275-0122, USA
{1lu, mhd, ymeng}@engr.smu.edu

Abstract. Discovery of usage patterns from Web data is one of the primary pur-
poses for Web Usage Mining. In this paper, a technique to generate Significant
Usage Patterns (SUP) is proposed and used to acquire significant “user pre-
ferred navigational trails”. The technique uses pipelined processing phases
including sub-abstraction of sessionized Web clickstreams, clustering of the ab-
stracted Web sessions, concept-based abstraction of the clustered sessions, and
SUP generation. Using this technique, valuable customer behavior information
can be extracted by Web site practitioners. Experiments conducted using Web
log data provided by J.C.Penney demonstrate that SUPs of different types of
customers are distinguishable and interpretable. This technique is par-
ticularly suited for analysis of dynamic websites.

1 Introduction

The detailed records of Web data, such as Web server logs and referrer logs, provide
enormous amounts of user information. Hidden in these data is valuable information
that implies users’ preferences and motivations for visiting a specific website. Re-
search in Web Usage Mining (WUM) is to uncover such kind of information [10].
WUM is a branch of Web mining. By applying data mining techniques to discover
useful knowledge of user navigation patterns from Web data, WUM is aimed at im-
proving the Web design and developing corresponding applications to better cater to
the needs of both users and website owners [20]. A pioneer work proposed by Nas-
raoui, et al., used a concept hierarchy directly inferred from the website structure to
enhance web usage mining [25, 26]. The idea is to segment Web logs into sessions,
determine the similarity/distance among the sessions, and cluster the session data into
the optimal number of components in order to obtain typical session profiles of users.
Our work will extend to analyzing dynamic websites.

A variety of usage patterns have been investigated to examine the Web data from
different perspectives and for various purposes. For instance, the maximal frequent
forward sequence mines forward traversal patterns which are maximal and with back-
ward traversals removed [9], the maximal frequent sequence examines the sequences

* This work is supported by the National Science Foundation under Grant No. I[S-0208741.

O. Nasraoui et al. (Eds.): WebKDD 2005, LNAI 4198, pp. 1 - 17, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 L. Lu, M. Dunham, and Y. Meng

that have a high frequency of occurrence as well as being maximal in length [24],
sequential patterns explore the sequences with certain a support that are maximal [1],
and user preferred navigational trails extract user preferred navigation paths [5] [6].

In this paper, a new data mining methodology that involves exploring the Signifi-
cant Usage Patterns (SUP) is introduced. SUPs are paths that correspond to clusters of
user sessions. A SUP may have specific beginning and/or ending states, and its corre-
sponding normalized product of probabilities along the path satisfies a given thresh-
old. SUP is a variation of “user preferred navigational trail” [5] [6]. Compared with
earlier work, SUP differs in the following four aspects:

1. SUP is extracted from clusters of abstracted user sessions.

2. Practitioners may designate the beginning and/or ending Web pages of prefer-
ences before generating SUPs. For example, you may only want to see se-
quences that end on a purchase page.

3. SUPs are patterns with normalized probability, making it easy for practitioners
to determine the probability threshold to generate corresponding patterns.

4. SUP uses a unique two-phase abstraction technique (see sections 3.1 & 3.3).

5. SUP is especially useful in analysis of dynamic websites.

We assume that the clickstream data has already been sessionized. The focus of this
paper will be on abstracting the Web clickstream, clustering of abstracted sessions
and generation of SUPs.

The rest of the paper is organized as follows. Section 2 discusses the related work.
The methodology related to the alignment, abstraction, and clustering of Web sessions
is provided in Section 3. Section 4 gives the analysis of experimental results per-
formed using Web log data provided by J. C. Penney. Finally, conclusive discussions
and perspectives for future research will be presented.

2 Related Work

Work relevant to the three main steps involved in mining SUPs: URL abstraction,
clustering sessions of clickstream data, and generating usage patterns, are discussed in
detail in the following subsections. We conclude each subsection with a brief exami-
nation of how our work fits into the literature.

2.1 URL Abstraction

URL abstraction is the process of generalizing URLSs into higher level groups. Page-
level aggregation is important for user behavior analysis [20]. In addition, it may lead
to much more meaningful clustering results [4]. Since behavior patterns in user ses-
sions consist of a sequence of low level page views, there is no doubt that patterns
discovered using exact URLs will give fewer matches among user sessions, than those
where abstraction of these pages is performed. Web page abstraction allows the dis-
covery of correlations among user sessions with frequent occurrences at an abstract
concept level. These frequent occurrences may not be frequent when viewed at the
precise page level. In addition, many pages in a specific web site may be semantically
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equivalent (such as all colors/sizes of the same dress) which makes web page gener-
alization not only possible, but also desirable.

In [4], concept-category of page hierarchy was introduced, in which web pages
were grouped into categories, based on proper analytics and/or metadata information.
Since this approach categorizes web pages using only the top-most level of the page
hierarchy, it could be viewed as a simple version of generalization-based clustering. A
generalization-based page hierarchy was described in [11]. According to this ap-
proach, each page was generalized to its higher level. For instance, pages under
/school/department/courses would be categorized to “department” pages and pages
under /school/department would be classified as “school” pages. Spiliopoulou et al.
employed a content-based taxonomy of web site abstraction, in which taxonomy was
defined according to a task-based model and each web page was mapped to one of the
taxonomy’s concepts [22]. In [18], pages were generalized to three categories, namely
administrative, informational, and shopping pages, to describe an online nutrition
supply store.

In our study, two different abstraction strategies are applied to user sessions before
and after the clustering process. User sessions are sub-abstracted before applying the
clustering algorithm in order to make the sequence alignment approach used in clus-
tering more meaningful. After clustering user sessions, a concept-based abstraction
approach is applied to user sessions in each cluster, which allows more insight into
the SUPs associated with each cluster. Both abstraction techniques are based on a user
provided site concept hierarchy.

2.2 Clustering User Sessions of Clickstream Data

In order to mine useful information concerning user navigation patterns from click-
stream data, it is appropriate to first cluster user sessions. The purpose of clustering is
to find groups of users with similar preferences and objectives for visiting a specific
website. Actually, the knowledge of user groups with similar behavior patterns is
extremely valuable for e-commerce applications. With this knowledge, domain ex-
perts can infer user demographics in order to perform market segmentations [20].

Various approaches have been introduced in the literature to cluster user sessions
[4] [71 [11] [16] [23]. [7] used a mixture of first-order Markov chains to partition user
sessions with similar navigation patterns into the same cluster. In [11], page accesses
in each user session were substituted by a generalization-based page hierarchy
scheme. Then, generalized sessions were clustered using a hierarchical clustering
algorithm, BIRCH.

Banerjee et al. developed an algorithm that combined both the time spent on a page
and Longest Common Subsequences (LCS) to cluster user sessions [4]. The LCS
algorithm was first applied on all pairs of user sessions. After each LCS path was
compacted using a concept-category of page hierarchy, similarities between LCS
paths were computed as a function of the time spent on the corresponding pages in the
paths weighted by a certain factor. Then, an abstract similarity graph was constructed
for the set of sessions to be clustered. Finally, a graph partition algorithm, called
Metis, was used to segment the graph into clusters.
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The clustering approach discussed in [16] [23] was based on the sequence align-
ment method. They took the order of page accesses within the session into considera-
tion when computing the similarities between sessions. More specifically, they used
the idea of sequence alignment widely adopted in bio-informatics to measure the
similarity between sessions. Then, sessions were clustered according to their similari-
ties. In [16], Ward’s clustering method [15] was used, and [23] applied three cluster-
ing algorithms, ROCK [13], CHAMELEON [17], and TURN [12].

The clustering approach used in our work is based on [16] [23], however, a sub-
abstraction is first conducted before the similarities among Web pages are measured.
Then the Needleman-Wunsch global alignment algorithm [21] is used to align the
abstracted sessions based on the pagewise similarities. By performing a global align-
ment of sessions, the similarity matrix can be obtained. Finally, the nearest neighbor
clustering algorithms is applied to cluster the user sessions based on the similarity
matrix.

2.3 Generating Usage Patterns

Varieties of browsing patterns have been investigated to examine Web data from
different perspectives and for various purposes. These patterns include the maximal
frequent forward sequence [9], the maximal frequent sequence [24], the sequential
pattern [1], and user preferred navigational trail [5] [6].

Table 1. A comparison of various popular usage patterns

Clustering | Abstraction BEEIE/cNRHE Normalized
Web page(s)

Sequential Pattern N Y N -
Maximal Frequent N N N i
Sequence
Maximal Frequent N N N )
Forward Sequence
User Preferred
Navigational Trail . N A N
Significant Usage v % y v
Pattern

* Abstraction may be applied to some of the patterns, i.e. in [2], but not all, i.e. in [19].

The usage pattern proposed in [5] [6] are the most related to our research. [5] pro-
posed a data-mining model to extract the higher probability trails which represent user
preferred navigational paths. In that paper, user sessions were modeled as a Hypertext
Probabilistic Grammar (HPG), which can be viewed as an absorbing Markov chain,
with two additional states, start (S) and finish (F). The set of strings generated from
HPG with higher probability are considered as preferred navigation trails of users.
The depth first search algorithm was used to generate the trails given specific support
and confidence thresholds. Support and confidence thresholds were used to control
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the quality and quantity of trails generated by the algorithm. In [6], it was proved that
the average complexity of the depth first search algorithm used to generate the higher
probability trails is linear to the number of web pages accessed.

In our approach, SUPs are trails with high probability extracted from each of the
clusters of abstracted user sessions. We use the normalized probabilities of occurrence
to make the probabilities of SUPs insensitive to the length of the sessions. In addition,
SUPs may begin and/or end with specific Web pages of user preferences. Table 1
provides a comparison of SUPs with other patterns.

3 Methodology

Our technique uses pipelined processing phases including sub-abstraction of session-
ized Web clickstream, clustering of the abstracted Web sessions, concept-based ab-
straction of the clustered sessions and SUP generation.

| Sessionized Web Log | | Abstraction Hierarchy |

Sub-abstract RLs
| Sub-Abstracted Sessions |

Apply Needleman-Wunsch global alignment algorithm
\ 2

| Similarity Matrix |

Apply Nearest neighbor clustering algorithm

[Clusters of User Sessions| [Abstraction Hierarch}7|

" Concept-based Abstracted J,
[Concept—based Abstracted Sessions per Clusterl

VBuild Markov chain for each cluster

| Transition Matrix per Cluster |

Pattern Discovery

y
| Patterns per Cluster |

Fig. 1. Logic flow to generate SUPs

To generate SUPs, first, a sequence alignment [16] [23] approach based on the
Needleman-Wunsch global alignment algorithm [21] is applied to the sessionized
abstracted clickstream data to compute the similarities between each pair of sessions.
This approach preserves the sequential relationship between sessions, and reflects the
characteristics of chronological sequential order associated with the clickstream data.
Based on the pairwise alignment results, a similarity matrix is constructed and then
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original un-abstracted sessions are grouped into clusters according to their similari-
ties. By applying clustering on sessions, we are more likely to discover the common
and useful usage patterns associated with each cluster. Then, the original Web ses-
sions are abstracted again using a concept-based abstraction approach and then a first
order Markov chain is built for each cluster of sessions. Finally, the SUPs with a nor-
malized product of probability along the path that is greater than a given threshold are
extracted from each cluster based on their corresponding Markov chain. This process
is illustrated in Fig 1. A more detailed description of each step is provided in the fol-
lowing subsections.

3.1 Create Sub-abstracted Sessions

In this study, we assume that the Web data has already been cleansed and sessionized.
Detailed techniques for preprocessing the Web data can be found in [8].

A Web session is a sequence of Web pages accessed by a single user. However, for
the sequence alignment result to be more meaningful, we abstract the pages to pro-
duce sub-abstracted sessions. We use the term “sub-abstracted” instead of “ab-
stracted” session, because we do not use a typical abstraction approach, but rather a
concept-based abstraction hierarchy, e.g., Department, Category, and Item in e-
commerce Web site, plus some specific information, such as Department ID, Cate-
gory ID in the abstracted session. Thus parts of the Web page URL are abstracted and
some are not. With this approach, we preserve certain information to make Web page
similarity comparison more meaningful for that session alignment described below. A
URL in a session is mapped to a sub-abstracted URL as follows:

URL -> {<Concept hierarchy keyword> <Unique ID> <I>}

J.C. Penney
Homepage

Department
level

Category
level

——— Item level

Fig. 2. Hierarchy of J.C. Penney Web site

Example 1. Based on the hierarchical structure of J.C. Penney’s Web site, each Web
page access in the session sequence is abstracted into three levels of hierarchy, as
shown in Fig 2, where D, C, I are the initials for Department, Category, and Item
respectively, 1, 2, ..., n represent IDs, and vertical bar | is used to separate different
levels in the hierarchy.



