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General InformationGeneral Information

● Web-page:
 http://www.ke.informatik.tu-darmstadt.de/lehre/ss06/web-mining/

● Text:
● Soumen Chakrabarti: Mining the Web – Discovering Knowlege from 

Hypertext Data, Morgan Kaufmann Publishers 2003.
● Johannes Fürnkranz: Web Mining. Draft book chapter with many 

pointers to the literature
● Various other articles available from the Web-page

● Slides:
● available from course page

http://www.ke.informatik.tu-darmstadt.de/lehre/ss06/web-mining/
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MotivationMotivation

● The Web is now over 10 years old
 ca. 1990, Tim Berners-Lee, CERN developed the first 

graphical hypertext browser
● The information on the Web has grown exponentially

 on probably every topic you can think of, there is some 
information available on some Web page

● However, it is still very hard to find relevant information
 The query interface to search engines has not changed since 

the early days of the Web!
● Users have adapted to the interface instead of the other way 

around
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Hard queriesHard queries

● For many queries, the information that is needed to answer 
the query is readily available on the Web:
 What are the cheapest hotels in Vienna's first district?

● The problems are
 finding the pages that contain relevant information

● pages of hotels in Vienna
 extracting the relevant pieces of information from these pages

● finding the prices, names, address of these hotels
 connecting the information that is extracted from the pages

● comparing the prices, sorting the hotels
 apply common-sense reasoning in all phases

● e.g., look for pages of bed & breakfast (Pension) as well
● know about different currencies and conversions, etc.
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Example Application: CiteseerExample Application: Citeseer

● Citeseer is a very popular search engine for publications in 
Computer Science
 http://citeseer.ist.psu.edu/

● It provides
 keyword search for articles
 on-line access to the articles
 pointers to articles that the articles cites
 pointers to articles that cite an article
 pointers to related articles
 identification of important papers (citation analysis)
 identification of important publication media

● All of that is generated automatically!

http://citeseer.ist.psu.edu/
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citation counts
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Task that need to be solvedTask that need to be solved
● Information Retrieval

 search for research papers on the Web
● Information Extraction

 extract relevant information (title, author, journal/conference, 
publication year,...) from the research papers

 extract citations from the research papers
● Information Integration

 match extracted citations with the text where they are cited
 match extracted citations with other extracted citations
 identify similar documents

● Citation analysis
 build and analyze a graph of citations of papers
 build and analyze a co-authorship graph

● and many more...
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Web MiningWeb Mining

Web Mining is Data Mining for Data on the World-Wide Web

● Text Mining:
 Application of Data Mining techniques to unstructured 

(free-format) text

● Structure Mining:
 taking into account the structure of (semi-)structured 

hypertext (HTML tags, hyperlinks)

● Usage Mining:
 taking into account user interactions with the text data (click-

streams, collaborative filtering, ...)
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Web Mining Tasks  Web Mining Tasks  

● Message Filter or Message Sorter
● Intelligent Browsing Assistants
● Formation or Update of Web Catalogues
● Ranking or Clustering of Search Results
● Building the Semantic Web / World-Wide Knowledge Base
● Click-stream Analysis
● Product Recommendations
● Digital libraries and Citation Analysis
● ...
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The WebThe Web

● The Web is a unique kind of hypertext document
 a large number of pages
 on a wide variety of topics
 originating by a large variety of authors
 speaking many different languages
 annotated via hyperlinks
 accessible to everybody

● Main Problem:
 How can I find the information I am looking for?

● Web Mining:
 finding and extracting relevant information from the Web
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A Brief History of HypertextA Brief History of Hypertext
● On Paper

 Annotated books (e.g., the Talmud)
 Dictionaries and encyclopedias

● cross-references are hyperlinks
 Scientific literature

● citations of other works is another form of hyperlinks
● Electronic

 Memex (Vannevar Bush, 1945)
● design for a photo-eletrical, mechanical 

storage device that could link documents
● On-line Demo http://www.dynamicdiagrams.com/demos/memex1a.zip

 Xanadu (Engelbart & Nelson 1965)                          http://xanadu.com/
● first conventional hypertext system, also pioneered wikis
● too complex to be realized, first use of word „hypertext“

 Many successor systems

file:///X:/Lehre/Vorlesungen/Web-Mining/Resources/memex1a%20Folder/MEMEX1A.EXE
http://xanadu.com/
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A Brief History of the WebA Brief History of the Web

● Tim Berners-Lee (CERN)
 first proposals around 1980
 1990: work on the „World Wide Web“
 first graphical interfaces

● 1993:
 Mosaic (Mark Andressen, NCSA): intuitive hypertext GUI for UNIX
 HTML: hypertext markup language
 HTTP: hypertext transport protocol

● 1994:
 Netscape was founded
 1st World Wide Web Conference
 World Wide Web Consortion founded by CERN and MIT

http://www.w3.org/

http://www.w3.org/
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Mining the Web Chakrabarti and Ramakrishnan 19

HTTP (hypertext transport protocol)HTTP (hypertext transport protocol)

● Built on top of the Transport Control Protocol (TCP)
● Steps(from client end)

 resolve the server host name to an Internet address (IP)
● Use Domain Name Server (DNS)
● DNS is a distributed database of name-to-IP mappings maintained 

at a set of known servers
 contact the server using TCP

● connect to default HTTP port (80) on the server.
● Enter the HTTP requests header (E.g.: GET)
● Fetch the response header 

 MIME (Multipurpose Internet Mail Extensions)
 A meta-data standard for email and Web content transfer

● Fetch the HTML page

http://www.w3.org/Protocols

http://www.w3.org/Protocols
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GET / Http/1.0
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Host Port

HTML
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page
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HTMLHTML

● HyperText Markup Language
● Lets the author 

 specify document structure
● browser converts structure to layout
● direct specification of layout and typeface possible

 embed diagrams
 create hyperlinks.

● expressed as an anchor tag with a HREF attribute
● HREF names another page using a Uniform Resource Locator 

(URL),
 URL =  

● protocol field (“HTTP”) +
● a server hostname (“www.cse.iitb.ac.in”)  +
● file path (/, the `root' of the published file system).

http://www.w3.org/MarkUp/

http://www.w3.org/MarkUp/
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DOM TreeDOM Tree

● DOM = Document Object Model
● An HTML document can be viewed as a tree

 markup items are interior nodes
 text are leafs
 Xpath: language for denoting the path from the root to a tree

http://www.zvon.org/xxl/XPathTutorial/General/examples.html
● document structure can be exploited

 sectioning of documents
 recognition of important text parts (e.g., anchor text)
 structural patterns (XPath) may identify important information 

on the page
● Firefox->Tools/Web Development/DOM Inspector

http://www.w3.org/DOM/

http://www.zvon.org/xxl/XPathTutorial/General/examples.html
http://www.w3.org/DOM/
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Mining the Web Chakrabarti and Ramakrishnan 23

Web: A populist, participatory mediumWeb: A populist, participatory medium

● number of writers =(approx) number of readers.
● the evolution of MEMES

 ideas, theories etc  that spread from person to person by 
imitation.

 good memes survive, bad memes die out
● but the Web archives them all
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Mining the Web Chakrabarti and Ramakrishnan 24

Abundance and authority crisisAbundance and authority crisis
● liberal and informal culture of content generation and 

dissemination.
 despite a few commercial niches we still have anarchy

● Very little uniform civil code.
● redundancy and non-standard form and content.
● millions of qualifying pages for most broad queries

 Example: java or kayaking
● no authoritative information about the reliability of a site
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Mining the Web Chakrabarti and Ramakrishnan 25

Problems due to Uniform accessibilityProblems due to Uniform accessibility

● little support for adapting to the background of specific 
users.

● commercial interests routinely influence the operation of 
Web search
 “Search Engine Optimization“ !!
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Data Mining - MotivationData Mining - Motivation

"Computers have promised us a fountain of wisdom but 
delivered a flood of data."

"It has been estimated that the amount of information in 
the world doubles every 20 months."

(Frawley, Piatetsky-Shapiro, Matheus, 1992)
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Data MiningData Mining

Mining for nuggets of knowledge in mountains of Data.
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DefinitionDefinition

Data Mining is a non-trivial 
process of identifying

●   valid
●   novel
●   potentially useful
●   ultimately understandable

patterns in data.
(Fayyad et al. 1996)

It employs techniques from
● machine learning
● statistics
● databases

Or maybe:
●  Data Mining is torturing your database until it confesses.

                                                                        (Mannila (?))
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World-Wide Data GrowthWorld-Wide Data Growth

● Science
 satellite monitoring
 human genome

● Business
 OLTP (on-line transaction processing)
 data warehouses
 e-commerce

● Industry
 process data

● World-Wide Web
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Mining the Web Chakrabarti and Ramakrishnan 30

The early days of the Web : CERN HTTP traffic grows by 1000 
between 1991-1994 (image courtesy W3C)



31 © J. Fürnkranz

Mining the Web Chakrabarti and Ramakrishnan 31

The early days of the Web: The number of servers grows from a few 
hundred to a million between 1991 and 1997 (image courtesy Nielsen)
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How Big is the Web?How Big is the Web?
● Google:

 early 2001: 1,346,966,000 web pages 
 11.2.2002:  2,073,418,204
 2004:          4,285,199,774
 28.4.2005:  8,058,044,651

● Size of the Web 
 Results from 1998 estimate that the best search engines 

index about 30% of the Web.
● Gulli & Signorini (2005) 

 estimate the size of the Web to 11.5 billion pages, 
 Coverage of search engines

● Google=76.16%, Msn Beta=61.90%, Ask/Teoma=57.62%, 
Yahoo!=69.32%

Source: www.thestandard.com

http://www.thestandard.com/
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Mining the Web Chakrabarti and Ramakrishnan 33

Structured vs. Web data miningStructured vs. Web data mining
● traditional data mining

 data is structured and relational
 well-defined tables, columns, rows, keys, and constraints.

● Web data
 semi-structured and unstructured
 readily available
 rich in features and patterns
 spontaneous formation and evolution of 

● topic-induced graph clusters 
● hyperlink-induced communities 
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Structured DataStructured Data

● Attribute-Value data:
 Each example is described with values for a fixed number of 

attributes
● Nominal Attributes:

 store an unordered list of symbols (e.g., color)
● Numeric Attributes:

 store a number (e.g., income)
● Other Types:

 hierarchical attributes
 set-valued attributes

 the data corresponds to a single relation (spreadsheet)
● Multi-Relational data:

 The relevant information is distributed over multiple relations 
 Inductive Logic Programming
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Structured DataStructured Data

Day Temperature  Outlook  Humidity  Windy Play Golf?
07-05 hot  sunny  high false  no 
07-06 hot  sunny  high true  no 
07-07 hot  overcast  high false  yes 
07-09 cool  rain  normal false  yes 
07-10 cool  overcast  normal true  yes 
07-12 mild  sunny  high false  no 
07-14 cool  sunny  normal false  yes 
07-15 mild  rain  normal false  yes 
07-20 mild  sunny  normal true  yes 
07-21 mild  overcast  high true  yes 
07-22 hot  overcast  normal false  yes 
07-23 mild  rain  high true  no 
07-26 cool  rain  normal true  no 
07-30 mild  rain  high false  yes 

today cool sunny normal false ?

tomorrow mild sunny normal false ?
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Semi-Structured and Unstructured Semi-Structured and Unstructured 
DataData

● Semi-structured Data
 no clear tables 

● it may be hard to identify the attributes for each example
● it may also be hard to identify the examples themselves

 some structure implicit in the data
● e.g., formatting via HTML

 large parts without structure
● free text

 http://weather.yahoo.com/forecast/GMXX0020.html

http://weather.yahoo.com/forecast/GMXX0020.html
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Semi-Structured and Unstructured Semi-Structured and Unstructured 
DataData

● Semi-structured Data
 no clear tables 

● it may be hard to identify the attributes for each example
● it may also be hard to identify the examples themselves

 some structure implicit in the data
● e.g., formatting via HTML

 large parts without structure
● free text

 http://weather.yahoo.com/forecast/GMXX0020.html

http://weather.yahoo.com/forecast/GMXX0020.html
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Semi-Structured and Unstructured Semi-Structured and Unstructured 
DataData

● Semi-structured Data
 no clear tables 

● it may be hard to identify the attributes for each example
● it may also be hard to identify the examples themselves

 some structure implicit in the data
● e.g., formatting via HTML

 large parts without structure
● free text

 http://weather.yahoo.com/forecast/GMXX0020.html
● Unstructured Data

 free text
 http://www.wetterzentrale.de/wzwb.html

http://weather.yahoo.com/forecast/GMXX0020.html
http://www.wetterzentrale.de/wzwb.html
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Semi-Structured and Unstructured Semi-Structured and Unstructured 
DataData

● Semi-structured Data
 no clear tables 

● it may be hard to identify the attributes for each example
● it may also be hard to identify the examples themselves

 some structure implicit in the data
● e.g., formatting via HTML

 large parts without structure
● free text

 http://weather.yahoo.com/forecast/GMXX0020.html
● Unstructured Data

 free text
 http://www.wetterzentrale.de/wzwb.html

http://weather.yahoo.com/forecast/GMXX0020.html
http://www.wetterzentrale.de/wzwb.html
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Web Tasks for ML/DM TechniquesWeb Tasks for ML/DM Techniques
● Classifiers:

 assigning categories to documents (E-mail/newsgroup 
sorting and filtering, building a Web catalogue, user 
modelling,...)

● Regression:
 predict numerical values (ratings, GUI settings,...)

● Clustering:
 grouping documents (structuring search results, ...)

● Association Rule Discovery:
 finding events and event sequences that co-occur frequently 

(click stream analysis,...)
● Reinforcement Learning:

 learning to improve agents 
(crawlers, relevance feedback, ...)
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Induction of ClassifiersInduction of Classifiers

Training

ClassificationExample

Inductive Machine Learning 
algorithms induce a 

classifier from labeled 
training examples. The 

classifier generalizes the 
training examples, i.e. it is 
able to assign labels to new 

cases.

An inductive learning 
algorithm searches in a given 

family of hypotheses (e.g., 
decision trees, neural 

networks) for a member that 
optimizes given quality 
criteria (e.g., estimated 
predictive accuracy or 

misclassification costs).

Classifier


