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Abstract

In this paper, Biclustering of Web Usage Data usBenetic Algorithm is proposed to extract optimabapage
category. Three different fitness functions based Mean Squared Residue (MSR) score are used ty shed
performance of the proposed biclustering methogheErment was conducted on the CTI dataset, andtsesithe
different fitness functions are analyzed. The vial@autcome of the proposed biclustering methodbosansed to better
understand behavioral characteristics of visitouser segments, improve the organization and steictf the site, and
create a personalized experience for visitors byiding recommendations.
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1. Introduction enable the website to target advertising, promogeyrts,

personalize news feeds and recommend documents ,
Web Mining is the generic term of applying data imin products, etc,. The major steps in the web petizatian
techniques to automatically discover and extra@fuls are collecting visitor information, filtering, and
information and hidden patterns from the World Widgeveloping recommendations. Collecting the vistor
Web (WWW) documents and services. Based on thiformation are the fundamental step and its objeds
several research studies it can be broadly cledsiiVeb to develop a profile that describes a site visitorterests,
mining into three domains such as Web Content Mininrole in an organization, entitlements, purchasessome
Web Structure Mining and Web Usage Mining. other set of descriptors important to the site awne

This paper is focused on the biclustering approtch
Web Content Mining is the process of extractingxtract the optimal group of web pages based ogeusa
knowledge from the content of the web documents aB@havior of the users of a web site. Clusteringhis
their descriptions. Web Structure Mlﬂlng is theqmss of W|de|y used technique to detect the browsing paﬂn]m
inferring knowledge from the structure of web data. web usage data in the literature [1], [15]. The lgof

clustering is to group a set of objects (web usenzages)
Web usage mining is the process of applying daten® into a number of more or less homogeneous clustiths
techniques to the discovery of behavior patterrsed@n respect to a suitable similarity measure. Objeltés are
web usage data, for various applications. The divergimilar are allocated in the same cluster, whike abjects
process of web usage mining is generally divideih inthat are differ significantly are put in differecitsters.
three main tasks: data preparation, pattern disgoaed By analyzing the characteristics of web useris
pattern analysis. The data preparation tasks lauddrver opserved that some web users behave similarly omlg
session file where each session is a sequencejoésts subset of pages (i.e. users do not show interestlifpage
of different types made by a single user duringngle of a web site). Traditional, clustering methodsduser
visit to a site. Pattern discovery converge therlgms grouping the related users, it typically partitionsers
and techniques from several research areas, sudhtas according to their similar browsing behavior undsgk
mining, machine learning, statistics, and pattefflages of a web site. Therefore, it will fail to idiéy users
recognition.  Pattern analysis is the most impdrtagroups whose behavior similar for a subset of p&bEs
process which analyzes the discovered patterns. To overcome this problem, the concept ofusitgring
Discovered patterns and statistics are further gs®ed, is used in this paper. Biclustering was first idoed by
filtered, possibly resulting in aggregate user ni®d® Hartigan and called it direct clustering [7]. Bistaring is
user profiles that can be used as input to appitasuch defined as the process of simultaneous clusteringws
as recommendation engines, visualization tools,\a@d and column of a data matrix. Biclustering is alsown as
analytics and report generation tools. coclustering, bidimensional clustering and subspace
Personalization is a process of gathering and rgoriclustering in literature [6], [8]. A few works aevailable
information about website visitors and analyzing thin the literature that has been applied biclustefor web
information. It helps us to deliver the right infloattion or ysage data [11, 14]. The objective of this papetois
service to each visitor at the right time. A numiér extract the optimized bicluster from the web usdgea
personalization techniques, with more on the wan cusing genetic algorithm. In this work, three difet
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fitness functions based MSR is used to extractmipdd 2.4.1 Selection
biclusters. The evaluation index called coherendex is During each successive generation, a proportiotthef
used to find the best fitness function to extraoe t existing population is selected to breed a new igdios.
optimized biclusters. These biclusters have a kiglvee |ngividual solutions are selected through a fitAeased
of correlation between the web users and pages ohRcess, where fitter solutions (as measured bgnask
website. . o function) are typically more likely to be selectéZkrtain
Section Il describes the methods and materialsin®®ju gelection methods rate the fitness of each soludiod
for biclustering of web usage data. Section lll@i®s preferentially select the best solutions. Otherhmes rate
the proposed work. Section IV contains experimentghly a random sample of the population, as thicess
results of the proposed work and Section V condutie may pe very time-consuming. Most functions are
paper with the possibility of future work. stochastic and designed so that a small propodidass

fit solutions are selected. This helps keep thermdity of
2. Materialsand Methods the population large, preventing premature convesge
2.1 Mean Sguared Residue Score on poor solutions. Popular and well studied sebecti
Given A(U,P) be a web access matrix. For user sub¥se methods include roulette wheel selection and tanerd
0 U and page subset [P'P, A(U',P) denotes the Selection. In this paperoulette wheel selection is used as
submatrix of A called bicluster that contain orhe @ Selection operator.
elements @asatisfying U'dU and P'O P. Cheng and 2.4.2 Crossover
Church defined a bicluster as a subset of rowssabdet
of columns which has low Mean Squared Residue (MS%S
Score [4][13].

is operator selects individuals from parent arehtes a

w offspring. The simplest way how to do this @ t
choose randomly some crossover point and everything
before this point copy from a first parent and then
everything after a crossover point copy from theose
parent. In this workmultipoint crossover operator is

Wherea is the average value of rowbigJ is the average used

value for column j. 2.4.3 Mutation

A Coherent bicluster is a bicluster with cohereaiures on  After a crossover is performed, mutation takeseld his
both rows and columns. The degree of coherence obgerator helps to prevent falling all solutions in
bicluster is measured by using MSR score or hsdbig. population into a local optimum of solved problem.
the sum of the squared residue score. A submat{ixsB Mutation changes randomly the new offspring. The
called a$ bicluster if MSR(1,J)<6 for somes >0. A high probability of mutation used in this work i§.01
MSR value signifies that the data is uncorrelaedow percentage.

MSR value means that there is correlation in thérima

MSRB) = L5.5,(by - - 5 +B;)" M

The value ob depends on the dataset.

2.2 Bicluster Seed Formation

In this work, Two-way K-Means algorithm is dst®
form the initial biclusters from web access matip].
The initial matrix A is partitioned into p*q submaes
where p is the number of clusters on row dimenaiath q

3. Biclustering of Web Usage Data using Genetic
Algorithm

The main objective of this paper is to introduce th
biclustering concept for web usage data using Gdé tan

extract the optimal page category based on thesuser
browsing behavior. In this work, GA is used as an

is the number of clusters on column dimensionsFrooptimization tool to extract global optimized bistars

p*q submatrices, submatrices having hscore valieba

from the given population to predict optimal webgea

certain limit called bicluster seeds. These bigusieeds category [2] [9] [10].

are used to initialize the initial population foAG

2.3 Binary Encoding of Bicluster seeds

Each bicluster seed is encoded as a binaingsi4].
The length of the string is the number of rows pius
number of columns of the web access matrix. Aduat
to one when the corresponding page or user isdedun
the bicluster otherwise zero. This representatian
advantageous for node (i.e. row or column) additon
deletion.

2.4 Genetic Operators

This subsection gives a brief description of theege
operators, since they play a key role in how tadeds
performed by the GA [2] [9] [10].

3.1Fitness Function

The fitness function, is normally used to sf@anm the
objective function value into a measure of relafitreess.

Flx) = g(f(x)) (2)
wheref is the objective functiorg transforms the value of
the objective function to a non-negative number Brid
the resulting relative fitness. The main objectdfethis
work is to
find maximal biclusters with low mean squared rasid
The threshold valu& for the three fitness function is
purely dependent on the dataset taken for the sitlihge
different fithess functions based on MSR score lakib
in the literature are taken for the study to idgnthe
optimized bicluster with low MSR score and highwok.
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Algorithm 1: Biclustering Approach using Genetic Algorithm

=

[Start] Generate random populationndbiclusters.

2. [Encoding] Encode the biclusters in to binary gismof size N x M, where N is the number of biclust®
population, M is the sum of number of rows and namtf columns in the bicluster.

[Fitness] Evaluate the fitnef) of each biclustex in the population

[New population] Create a new population by repepfollowing steps

i. [Selection] Select the best individuals from a gapian according to their fitness
ii. [Crossover] With a crossover probability crossaber biclusters to form a new offspring.
iii. [Mutation] With a mutation probability mutate neffspring at each locus.

iv. [Accepting] Place new offspring in a new population

[Replace] Use new generated population for a funthe of algorithm
[Evaluate] Evaluate the fitne§,) of each biclustex, in the new population.

If convergence is met, stop, and return the bestigter in current population as optimal bicluster.

© N o o

[Loop] Go to step 2

Fitness Function I: Given the value ofd (6>0), the above.d is a residue threshold. var(l,J) is the variance o
following fitness function can be used to assesgjtrality the rows and the columns of a bicluster.
of bicluster.

iy ifMSR(L]) <6 4. Experimental Analysis
BUD =18 vt Otherwi (3) 41 About Dataset
Ly, Otherwise The datasetCTI, is from a university web site log and
) ) ) ) was made available by the authors of Mobasher (2004
Fitness Function 11: The fitness function Il used to gnq Zhang et al.[3], [14]. The data is based oarglom
evaluate a given bicluster is given as follows: collection of users visiting university site for 2aweek
period during the month of April 2002. After data
FUP) =R/& +w.6/lIl +w,.6/l]] (4)  preprocessing, the filtered data consisted of 13745

sessions and 683 pages where root pages were emtsid
where | and J are the set of rows and columngs page view of a session. This preprocessingssefted
respectively, in the bicluster, R is called the meguare in total of 10 categories namely, search, prograress,
residue of a biclusteré is a residue threshold (theadmissions, advising, courses, people, authenticdie
maximum desired value for residue) & the importance and miscellaneous. These pageviews are given nameri
of the number of columns, and e importance of the |abels as 1 for search, 2 for programs and so Binese
number of rows that denotes the number of elem@ms page views were given numeric labels as 1 for bedc
given set. for programs and so on. The session length in #taset
In fitness function Il, a ratio between two coniig ranges from 2 to 68.Since comparing very long sessi
objectives minimizing the residue (variance of ed@ts in  wijth small sessions would not be meaningful, we
the bicluster) and maximizing the size of the @ust considered only sessions of length between 3 and 7.
combined. Notice that, for a bicluster to be megfuh it Finally, 5915 user sessions are taken for the
should contain experimentation.
a reasonable number of elements so that some kdge/le
can be extracted. Also, it is important to maintaome 4.2 Validation of Biclusters

'C:erelat'i:on amonﬁ IiFS%l?mf?mS' ¢ L q In this work, two types of validation index are ds®
|tn|e$ unction bi 'I IS fitness LII"IC:ICTII'] IS L.jse to evaluate the biclusters obtained from proposed
evaluate a given bicluster is given as follows: biclustering approach using GA. They are Biclustelex
(BI) and Coherence Index (ClI) [12].
F(1L])=MSR(1.J)/8.(1 + var(L])) (5)
Bicluster Index (BI) is the defined as the ratio of residue
where | and J are the set of rows and columnsad row variance of the bicluster identified.
respectively, in the bicluster, MSR is called thsidue of
a bicluster and is calculated as in the given eguat
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B = M58 LB) ©6) Table 4: Validation Measures for Various Fitness
(1+R) Functions
Coherence Index(Cl) is the defined as the ratio of the Mean Bicluster Index Coherence
mean square residue (MSR) score to the volumieeof t ndex
formed biclusters Fitness Function | 19.996 0.084
- Fitness Function |1 22.004 0.096
. [MSR(B(E)
Cl = min [,—:I) ) .
vol (B (k)] Fitness Function 111 24.003 0.0908

The K" bicluster for ke P is considered to be good, if it . )
has minimum Cl, among all j€ P and j = k. A small From the values recorded in the Table 4, Functitiad

Mean Square Residue (MSR) indicates that t#@w Bl and CI values. Therefore, the optimal page

corresponding user group has  consistent browsiRgl€9ory IS generated from the optimal biclusteraexed

behavior value over the subset of pages. by biclustering approach using fitness functionnt ats
page views are tabulated in the Table 5.

Volume of bicluster is defined as the product of numbefTom the results, it is obvious that it correlatie

of rows (users) and number of columns (pages) & tff!evant users and pages of a web site in highegegf
bicluster. correlation. Analyzing these results could be very

Vol(B(1,9))= |I[*J] beneficjal for E-commerce application:_:, such as efarg
) marketing and also web recommending system, web
Table 1: Parameter Setting for GA personalization systems and web usage categorizatio

Crossover Probability 07 This result is also used for focalized marketinmpaigns
Mutation Probability 0.01 to improve their performance of the business.
Population Size 100 .

_ Table 5: Optimal Page Category of CTI Dataset
Generation 100 Page View Index 1 2 7 10
M SR Threshold 70

Page View Category  Search Program People Miscellaneous

Weights 0.5033 0.2091 0.8374 0.3017

The parameter setting for this study is given ia Trable
land type operator for Genetic Algorithm is tabedhtn
Table 2. The characteristics of the optimal bigustsing
Fitness function |, 1l and Il are tabulated in thable 3. 5. Conclusion
In which, MSR and Row Variance are the qualit
measures and Volume is the quantity measure. Thesai
to extract the optimal bicluster with minimal MSRda
high volume. From this point of view, Fitness fuoaot|
performs better than other two fitness function.

Table 2: Type of Genetic Operators used in thislptu

Yo this paper, a biclustering algorithm using Genet
Algorithm is proposed for web usage data, for idging

an optimal page category of a web site. With this
technique, optimized bicluster is obtained withirthreost
representative pages that correspond to userseial aveb
site. This information can be also used for markgti
purpose, customizing the web site once one knows th

GA Operators Type kind of user through the navigation characteristics

Crossover Multi-point Crossover

Selection Roulette Wheel Selection 6. References
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