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Abstract rately depict the search topic, discovering the desired infor-
mation can be a tedious and formidable task. In addition,
In this paper, we propose a new framework based on datathe traditional IR approaches have no way to customize the
mining algorithms for building a Web-page recommender results, according to the users’ preferences.
system. A recommender system is an intermediary pro- Recently, the research within the IR community has con-
gram (or an agent) with a user interface that automatically sidered an alternative approach of retrieving the informa-
and intelligently generates a list of information which suits tion based on the recommendation of the users in the sys-
an individual’'s needs. Two information filtering methods tem. Many recommender systems have been designed and
for providing the recommended information are considered: implemented for various types of items including newspa-
(1) by analyzing the information content, i.e., content-based per, research papers, emails, Usenet news, books, movies,
filtering, and (2) by referencing other user access behaviors, music, restaurants, Web pages, and e-commerce products
i.e., collaborative filtering. By using the data mining algo- [8, 9, 10, 12]. To construct a recommender system, two in-
rithms, the information filtering processes can be performed formation filtering methods for providing the recommended
prior to the actual recommending process. As a result, the information are considered: (1) by analyzing the informa-
system response time could be improved and thus, makingion content, i.e., content-based filtering, and (2) by refer-
the framework scalable. encing other users’ access behaviors, i.e., collaborative fil-
tering. However, most of the existing approaches consider
only one of the filtering techniques in their recommend-
ing processes. In order to recommend the information to a
particular user, the original collaborative filtering technique
relies on the Nearest Neighbor (NN) clustering algorithm
To alleviate theinformation overload7] problem (es- to compare and search for other users’ ratings which are
pecially on the World Wide Web), traditional Information closely resemble to the user’s profile [9, 13]. The Nearest
Retrieval (IR) technigues have been employed to assist theNeighbor clustering algorithm, however, suffers from the
users in finding their information. One of the most widely scalability problem, i.e., the execution time grows linearly
applied IR techniques for assisting the users in finding their with the number of the users in the system. This collabora-
information is the keyword-based search, as adopted bytive filtering approach also suffers from theld-startprob-
many Web search engines. However, without prior knowl- lem. Another alternative technique called content-based fil-
edge of the retrieval process, or the keywords which accu-tering has additionally been considered in the recommender

1. Introduction



system [1, 2]. The content-based filtering is based on the The remainder of this paper is organized as follows. In
analysis of the information contents, e.g., by applying a the next section, the proposed data mining framework for
classification method on textual content. building a Web-page recommender system is presented. In

In this paper, a new framework is proposed that com- S€ction 3, a system prototype for recommending Web pages
bines both content-based and collaborative filtering and uti-S 9iven along with the detailed implementation. The paper
lizes data mining techniques. Our proposed content-basedoncludes in Section 4.
filtering integrates both textual analysis and the user per-
sonalization during the recommendation process; while the2. The proposed recommender system frame-
collaborative filtering is based on the method of mining user work
access patterns, which is performed by applying the asso-
ciation rule mining on the user access sequences with the
fcraversallc-o nstraints. Applying the association rulle.min— (KDD) has emerged recently as an active research area
ing for mining user access patterns allows the prediction of

. . ; for extracting implicit, previously unknown, and potentially
the Web pages to include additional non-consecutive Wet.)useful information from large databases [3, 4]. In this pa-

pages, and thus enhances the prediction performance ”EJEL we apply data mining techniques into the IR context,

terlrtns Ef predC';:O? and refr?”(.j r:]AJSO, t?ettexpertlm?_n':al fre- specifically as the information filtering tools for the pro-
sults showed that our method has a betler potential ot ré- oo 4 framework. Two types of information filtering can

;jhucmg tthe u'\jlerkaccessduPe on thi Vg/eg S'Xa C;)mpa(;e? t e accomplished by using data mining: content-based fil-
e existing Markov model approach [S, 6]. Applying data tering and collaborative filtering. In the proposed frame-

fmmmgt;' algf.olilth.ms,te.grgl.,'assomatlo'ré rulef;pmmg, fqrthe;;:- work, the association rule mining technique is applied as
ormation Terng techniques provides etmciency, sINce M€ .. ¢, ntent-based filtering where the data set is the keyword

[ﬁcommendeddlls:_ of |nformat|0¥hcan fbe g(;:r:]erated prlort_to matrix (size: Web documents keywords). Collaborative
€ recommendation process. 1neretore, the response Ume, o o1 hased filtering retrieves the information for a par-

O.f the recomm(_ander sy§tem CO[.JId be improved. In addmpn, ticular user by referring to other user evaluations on the in-
since data mining algorithms with the use of data reduction formation content. The method of mining user access pat-
and selection techniques are typically capable of handlir‘gterns based on the association rule mining is applied as the

an enormous amount Of_ data, the pro_posed framework Scollaborative filtering technique. The overall process for de-

scalable for larger Web sites and domains. signing and implementing a recommender system involves
This proposed framework is then applied to construct a the following five steps.

system prototype for recommending the University of Mi-

ami (UM)’S Web pageS, Wh|Ch automatica”y generates a e Data CO”eCtion: ThIS |n|t|a| Step inVOIVeS the CO”eC'

recommended list of Web pages based on an individual's  tion of data sets for executing the data mining algo-

Data mining or knowledge discovery in databases

preferences. The framework is based on the concept of in-  fithms. Three data components are considered: (1)
formation filtering which refers to the process of automat- textual content (i.e., index terms or keywords), (2) link
ically screening the information based on the user’s speci-  structure (embedded hyperlinks within Web pages),

fication. Our Web-page recommender system enhances the ~ and (3) user log records.
functionality of a typical query-based information retrieval
system (e.g., search engine) by applying the information fil-
tering techniques to automatically generate a recommended
list of Web pages which personalize each individual's pref-
erences. User personalization is an important component
which distinguishes a recommender system from a typical
search engine. By allowing the system to monitor each user o |nformation Filtering via Data Mining: This step is the
profile, a system can learn from user’s past preferences and  ¢ore process of the recommender system framework,
thus, yield more effective retrieval results. To provide the where the data sets are analyzed and the data mining
efficiency of data and information access and retrieval, a algorithms are applied as the information filtering tools

database for the recommender system is designed and im- 4 generate and discover any useful and interesting rec-
plemented. The database is designed to store all the related 5 mended outputs.

data components such as textual content, link structure, rec-

ommended list of Web pages, and user profiles. To pro- e Database Design and Implementation: To improve the
vide a Web-based user interface, the database is stored and efficiency of data and information access and retrieval,
linked to a Web server. The Web server is implemented on the database for the recommender system is designed
the HTTP (HyperText Transfer Protocol) specification. and implemented for all related data sets including the

e Data Preprocessing: This step is required to clean and
transform the collected data sets into the formats which
are suitable for the data mining algorithms. This step
includes the data reduction and selection techniques to
improve the efficiency of the data mining algorithms.



textual content, link structure, and the recommended Web Server System
lists of Web pages.

Content Server log

e User Interface Design and Implementation: The user database database
interface acts as an intermediary between the users and
the recommender system. This step involves the de-
sign and implementation of a Web (i.e., HTTP) server
which receives the users’ requests via WWW, pro-
cesses the requests by accessing the database, and re-
sponds by returning the results to the users. The user
interface provides a recommendation function with the
user personalization technique by requiring each user
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to log into the system in order to keep track of the pref- Keyword Link Access
matrix matrix Sequences
erences.
3. A system prototype for recommending Web Figure 1. Data collection and preprocessing
pages

10,000keywords can be constructed. The link structure of

The Web-page recommender system prototype focuseshe Web site can be constructed by extracting the embedded
on the UM’s Web site as the main scope. Similar to many hyperlinks within each Web page. In the WWW environ-
other educational institutions, UM provides the information ment, each hyperlink refers directly to a physical Web page.
inClUding other Web services through its own Web site. The Therefore, the hyper“nks and the actual Web pages are used
main groups of people who access the UM's Web site in- jnterchangeably. In this study, the link adjacency matrix of
clude students, faculty, staff, and general public who are 21 446documents b@1,446hyperlinks can be constructed.
interested in finding the information about the university. Since both keyword and link matrices are sparse, therefore,
The Web site has the main page which can be accessed Vighe alternative adjacency-list data structure is used to reduce
www.miami.eduCurrently, the information can be accessed the space complexity.
by either (1) using the query-based search or (2) browsing  Another data set which needs to be collected is the user
through the hyperlinks within the Web pages. The recom- |og records. Under HTTP, each request to the Web site
mender system is designed to enhance these two retrievak recorded as a transaction on the Web server. UM has
methods of the Web site by generating the list of Web pagestwo web servers. Due to the load-balancing configuration,

which match the user’s interests. the HTTP traffic volumes of both servers are closely sim-
_ _ ilar. From the traffic volumes, the first observation is that
3.1 Data collection and preprocessing both servers yield a similar amount of daily traffic. An-

other observation is the patterns in a weekly traffic cycle,

Figure 1 illustrates the data collection and preprocessingi.e., the traffic volume is higher during the weekdays and
steps. The UM’s Web server system contains two types ofrelatively lower during the weekends. Based on this ob-
databases: (1) the content database for providing the infor-servation, to reduce the execution time, a traffic volume of
mation content such as Web pages with the images and otheone-week period is used to represent the input to the Web
types of data, and (2) the server log database for recordingmining process, which the log records from both servers are
the HTTP transactions (i.e., log records). combined into a single file using tiderge Sortalgorithm

To collect the raw data sets from the Web siterawl- [11] based on the timestamp ordering. Since the scope of
ing andparsingprogram was implemented using tiaVvA this recommender system is only for the Web pages or the
programming language. The number of unique Web pagesHyperText Markup Languag#éiTML) documents, other ir-
collected from the Web site w&4y,446 Two different data  relevant items such as images can be eliminated by remov-
sets were collected from the crawling and parsing process:ing the log records containing the filename suffixes such as
the textual and hyperlink contents. The textual content wasgif andjpg. Next, user access sequences are constructed
cleaned through the stemming and stopword removal pro-based on the session identification. A user access seguence,
cess to form the words and to remove the non-discriminantalso referred to as a browsing sequence or a traversal path,
words. By applying thalocument-frequenckeyword se- is an ordered list of Web pages accessed by a user during
lection technique [14], a set of selected keywords are ex-one session. To identify a user session, the IP addresses of
tracted. The number of the keywords is limited1i®,000 the requesting machines are used to distinguish individual
Therefore, the keyword matrix a21,446 documents by  users. Also, the timeout period is included as a heuristic to



identify different users who use the same computers with MRD information captures the actual user access behaviors
the same IP address. Timeout refers to the total time periodon the Web site. The MRD information is then used to prune
an average user would spend on accessing the Web site. Ughe rules obtained from the association rule mining process
ing the above constraints, approximat&§;000user access in order to increase the prediction accuracy and reduce the
sequences are constructed from the log records of the onespace complexity. The experiments in [5, 6] showed that

week period. by using the association rule mining with the MRD infor-
mation as the traversal constraint, the performance in terms
3.2 Information filtering via data mining algo- of precision and recall improved over the Markov model
rithms method in mining user access patterns.

Figure 2 illustrates the information filtering process by 3.3 Database design and implementation with a
applying the data mining algorithms. Content-based fil- Web-based user interface
tering is achieved by applying the association rule mining
technigue on the keyword matrix. The keyword matrix of In our proposed framework, a database using the Re-
21,446documents byl0,000keywords is first transposed lational Database Management System (RDBMS) is de-
so that each keyword is used to represent a record for thesigned and implemented. This database stores the URLS
association rule mining algorithm. The results are a set of (i.e., Web pages), keywords for the Web pages, the recom-
rules in the form of “IF (preconditioned set of Web pages) mended set of rules from content-based filtering, the rec-
THEN (post-conditioned Web page).” In order to simplify ommended set of rules from social-based filtering, user lo-
the model, only the single-consequent rules are consideredgin information, and user profiles. The current version of
If the same precondition occurs in more than one rule, thethe recommender system prototype uses MySQL [17] as
post-conditioned Web pages are ranked based on the confithe choice for database implementation. MySQL provides
dence values of the rules. The content-based filtering rulesa multi-threaded, multi-user, and robust SQL (Structured
are such that the preconditioned Web pages imply the post-Query Language) database management system, which is
conditioned Web page based on the similarity in the key- suitable for the application of recommender systems.
words (i.e., textual content).
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To provide a Web-based interface, the database is stored
and linked to a Web server. The Web server is imple-
mented on the HTTP specification and has the following

Figure 2. Information filtering by applying functions: listening for HTTP requests on a network, re-

data mining algorithms ceiving HTTP requests made by user agents (usually Web

browsers), serving the requests (accessing the database),
and returning HTTP response that contains the requested

Also shown in Figure 2 is the collaborative or social- resources. Figure 3 illustrates the interaction between the
based filtering process. This process applies the associadser and the recommender system under the HTTP spec-
tion rule mining technique on the user access sequences iification. The user accesses the recommender system by
order to generate a set of rules. Then by using the userusing a Web browser. The communication between the user
access sequences, the traversal constraint called the Miniand the system is carried out on the Internet via the HTTP
mum Reaching Distance (MRD) information is constructed request and response functions. The recommender system
based on the shortest-path problem in graph theory. Theserver provides the database which contains the processed




information such as the recommended lists. The user profile B R_ﬂ

resides on the server side to keep track of the user’s prefer- .". = " 5,"." 4 a @ = 4 &
ences. A logical path exists between the user and his/her
profile.
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5 cevordl system interface: by using recommendation.
(max length of 200
Don't Have an Accomt? shown on the bottom section of the page. To view the Web
= page, the user clicks on the URL name, and the actual Web
reate a New Account . . .

[ ] v page will be opened in a new window. If the Web page has
;}. SRR £ the information which matches the user’s interest, the user

must click on the button in front of the URL name in order
to record the preference into his/her profile. By providing
the preference of Web pages, the system can recommend
Web pages which match the user’s interest. Our proposed
recommender system also provides other system functions
including (1) “view your past ten pages” and (2) “help”

; page. The first function shows the past ten Web pages as
by using the Apache HTTP Server software package [15]. recorded in the user profile, while the second one provides

The main advantage of using the Apache HTTP server is itsth linf i fth d N I
open-source feature which supports modern operating sys- € generalinformation ot the recommender system as we

tems includingUNIX and Microsoft Windows The user as the instruction of how to.us_e the system. .
interface is implemented by using both HTML and PHP We conducted a qualitative performance evaluatlop
(PHP: Hypertext Preprocessor) [16]. While HTML pro- based on some user surveys. A group of 20 users were in-
vides a simple and easy way to present the information tOerendentIy asked to evalua_te the system by giving a score
the users, PHP is a widely-used general-purpose scriptin n the scale of 1 (strongly d!sagree) 05 (stron.gly agree)
language that is especially suited for Web development and® each of the elgven q“es“‘?”s- Thesg questions are re-
can be embedded into HTML. PHP is used along with the lated to the effectlvgness of different retrieval methods and
Apache HTTP Server and MySQL to allow the HTTP re- other features prowde_d by the system. !n summary, most
quests to be processed, the database to be accessed, and {iers agree that by using the recommending feature, the sys-

HTTP responses to be sent to the users. Figure 4 showsn%em could yield higher satisfactory results than by using the
snapshot of the user login page of the recommender syste eyword-based search alone (the averaged score of 4.1 ver-

viewed by using a Web Browser sus 3.3). Another important survey result is that most users
To obtain the recommended list of Web pages, the ra_prefer the system's ability to a}djust the filter.ing scale be-
tio percentage between the content and social filtering por_tween content-based and social-based filtering approaches

tions can be specified. For example, by specifying 10% (with the averaged score of 4.3).

from theradio button list, 10% of the recommended Web )

pages are generated from the content-based filtering list andf- Conclusions

90% from the social-based filtering list. Figure 5 shows

a snapshot of the recommender system interface by speci- In this paper, a new framework based on data mining
fying 10% on the recommendation selection. The recom- techniques is proposed to improve the efficiency and effec-
mended list of Web pages which match the user’s profile is tiveness of the traditional information retrieval (IR) process.

Figure 4. A snapshot of the recommender
system interface: user login page.

The Web server for our system prototype is implemented



One of the major obstacles to the traditional IR approaches [5] C. Haruechaiyasak, M.-L. Shyu, and S.-C. Chen, “A

such as the query-based search, is the lack of effective in-
teraction between the users and the system, which results

in inferior retrieved information. The proposed framework

is designed to enhance this interaction by analyzing user
access behaviors on the system. In addition to the content

analysis (i.e., content-based filtering), information is also
retrieved according to each individual’s preferences (i.e.,
user personalization) and by recommendation from other
users (i.e., collaborative filtering). To demonstrate the po-
tential usage of the framework, a system prototype for rec-
ommending Web pages on the UM’s Web site is designed
and implemented as a form of a Web-site navigational as-

sistant. As opposed to the search engine, in which the users

need to formulate a query composing of keywords, the rec-
ommender system automatically retrieves the information [8]

by analyzing both content and user access behavior. Thus,

additional information, which is not directly indexed by the
querying keywords but relevant to them, could also be pre-

sented to the users. Based on the performance evaluation
through the conducted user surveys, the system’s recom-

mending feature could yield more satisfactory results than
by using the traditional keyword-based search. In addition,
the filtering scale-adjusting feature is also found to be useful
to most of the users.
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