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Outline

ÂWeb Content Mining 

ÂWeb Usage Mining 

ÂWeb Structure Mining
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What is Web Mining?

Â Web data mining - techniques to 
automatically discover and extract 
information from Web documents/services 

Â Web mining research

Â Database (DB)                                                     

Â Information retrieval (IR)                                        

Â Machine learning (ML)       

Â Natural language processing (NLP)
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Mining the Web

Â Web is an information source for: 

Â Information services

Â news, advertisements, consumer information, 
financial management, education, government, e-
commerce, etc.

Â Hyper-link information

Â User Behaviors (Access and usage information)

Â Web Site contents and Organization

Â Social media
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Web Mining: challenges

Â Searches for 

Â Regularity and dynamics of Web contents

Â Web user access patterns

Â Web structures

Â Problems

Â The ñabundanceò problem (rich data but poor information )

Â Limited coverage of the Web: hidden Web sources,  majority of 

data in DBMS

Â Dynamic and semi-structured

Â Limited on keyword-oriented search

Â Limited customization to individual users
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Web Content Mining

Â Discovery of useful information from web 

contents / data / documents

Â Web data contents: text, image, audio, video,

metadata and hyperlinks.

Â Information Retrieval View ( Structured + Semi-

Structured)

Â Assist / Improve information finding

Â Filtering Information to users  on user profiles

Â Information extraction
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Issues in Web Content Mining

Â Developing intelligent tools for  IR

Â Finding keywords and key phrases

Â Discovering grammatical rules and collocations

Â Hypertext classification/categorization

Â Extracting key phrases from text documents

Â Learning extraction models/rules

Â Hierarchical clustering

Â Predicting (words) relationship
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Web Content Mining - implementation

ÂInformation 
Filtering/Categorization

ÂCollaborative Filtering

ÁPersonalized Web Agents 
ÁWeb Wrappers
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Information Filtering/Categorization

Â Using various information retrieval techniques and 
characteristics of open hypertext Web documents to 
automatically retrieve, filter, and categorize them.

Â HyPursuit: uses semantic information embedded in link 

structures and document content to create cluster 

hierarchies of hypertext documents, and structure an 
information space

Â BO (Bookmark Organizer): combines hierarchical 

clustering techniques and user interaction to organize a 

collection of Web documents based on conceptual 
information
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How do We Find Similar Web Pages?

Â Content based approach

Â Structure based approach

Â Combing both content and structure 
approach
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HyPursuit: Similarity Functions for Web Pages with 
Hyperlinks

The hyperlink similarity between two Hypertext document:
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How can we recommend contents to 
users?

Â Recommender systems:

Â Content based recommender algorithms

Â Collaborate Filtering algorithm
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Background: Information Filtering

Why IF?
Â Save usersô time

Â Find the ñinterestingò items

Information

Filtering

system

user preferences

items

items

items

Unwanted

information

Recommended items

recommendation
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Assumption

Â Data about usersô preferences can be 

collected. 

User 
profiles

user preferences on items
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Definition of CF problem

Given a dataset D as a tuple <Ui,Ij,Oij>

Where Ui identifies the i -th user of the system,

Ij identifies the j -th items of the system, 

Oij represents the i-th userôs opinion on the j-th 
item

Find a list of k recommended items for each user.
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A Mapping of Two High-
Dimensional Spaces

User Preferences

Item Space
User Space

Q1: For a given kind of items, what kind of customers would like it?

Q2: For certain type of customers, what kind of items do they like?
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Applications of Collaborative 
filtering

Digital library [Seikyung Jung,CIKM04]
Recommend TV show[Kamal Ali,KDD04]

E-commerce
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Types of Recommendation Methods: 
Model-based or Memory-based 
collaborative filtering

Model-based 

Model            

users

User preferences

recommendation 
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Memory-based collaborative 
filtering

ÁUser-based recommendation

ÁFind similar users as the nearest neighbors to 
recommend.

ÁItem-based  recommendation

ÁFind similar items as the nearest neighbors to 
recommend.

21

Challenges to Collaborative filtering 

Â Prediction Precision

Â Scalability: the number of users and items increase 

dramatically, how is the performance of the algorithm?

Â Robustness: given some degree of noise in the data, how 

is the algorithm to provide accurate prediction?

Â Sparsity: the user-item rating matrix is very sparse

Â Cold start: how to make recommendations for new users or 

new items

Web Usage Mining

Â Web Log Mining

Â Pre-processing

Â Pattern mining

Â Pattern analysis
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Web Usage Mining -
Applications

Â Target potential customers for e -commerce

Â Enhance the quality and delivery of Internet 
information services 

Â Improve web server performance (Load Balancing)

Â Identify potential prime advertisement locations

Â Facilitates personalization/adaptive sites

Â Improve site design

Â Fraud/intrusion detection

Â Predict userôs actions (allows pre-fetching)
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Web Usage Mining - Outcome

Â Association rules

ïFind pages that are often viewed together

Â Clustering

ïCluster users based on browsing patterns

ïCluster pages based on content

Â Classification

ïRelate user attributes to patterns

24
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Web Usage Mining - Phases

ÂThree distinctive phases:

Âpreprocessing,

Âpattern discovery 

Âpattern analysis
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Phase 1: Pre-processing

Â Converts the raw data into the data 

abstraction necessary for the further 

applying the data mining algorithm

Â Mapping the log data into relational tables

before an adapted data mining technique is 

performed.

Â Using the log data directly by utilizing 

special pre-processing techniques.
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Raw data ïWeb log

Â Click stream: a sequential series of page view 
request

Â User session: a delimited set of user clicks 
(click stream) across one or more Web 
servers.

Â Server session (visit): a collection of user 
clicks to a single Web server during a user 
session.

Â Episode: a subset of related user clicks that 
occur within a user session.
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Phase 2: Pattern Discovery

Â Pattern Discovery uses techniques such 
as  statistical analysis, association rules, 
clustering, classification, sequential 
pattern, dependency Modeling.
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Phase 3: Pattern Analysis

Â A process to gain Knowledge about how 

visitors use Website in order to

Â Prevent disorientation and help designers to 

place important information/functions exactly 

where the  visitors look for and in the way 

users need it.

Â Build up adaptive Website server
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Web Structure Mining

Â To discover the link structure of the hyperlinks at the 
inter-document level to generate structural summary 
about Websites and Web pages.

Â Direction 1: based on the hyperlinks, categorizing 
the Web pages and generated information.

Â Direction 2: discovering the structure of Web     
document itself.

Â Direction 3: discovering the nature of the 
hierarchy or network of hyperlinks in the Website 
of a particular domain.

30
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Web Structure Mining -Applications

Â Web pages categorization/ranking                                        

Â Communities discovery

Â Schema Discovery in Semi-structured 

Environment
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Well-known Methods

ÂHITS (Topic distillation)

ÂPageRank(Ranking web pages used 

by Google)

ÂAlgorithms in Cyber-community

32

HITS

Â Hyperlink Induced Topic Search.

Â A simple approach by finding hubs and 
authorities.

Â View web as a directed graph.

Â Assumption: if document A has hyperlink to 
document B, then the author of document A 
thinks that document B contains valuable 
information.
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HITS: Main Idea

Â Concerned with the identification of the most 
authoritative, or definitive, Web pages on a 
broad-topic.

Â Focused on only one topic.

Â Viewing the Web as a graph.

Â A purely link structure-based computation, 
ignoring the textual content.
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HITS: Hubs and Authority

Â Hub: web page links to a collection of 
prominent sites on a common topic.

Â Authority: Pages that link to a collection of 
authoritative pages on a broad topic; web 
page pointed to by hubs.

Â Mutual Reinforcing Relationship: a good 
authority is a page that is pointed to by many 
good hubs, while a good hub is a page that 
points to many good authorities.
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HITS: Two Main Steps

Â A sampling component, which constructs a focused 
collection of several thousand web pages likely to be 
rich in relevant authorities.

Â A weight-propagation component, which determines 
numerical estimates of hub and authority weights by 
an iterative procedure.

Â As the result, pages with highest weights are 
returned as hubs and authorities for the research 
topic.
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