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General Information
e \Web-page:

m http://www.ke.tu-darmstadt.de/lehre/ssl4/web-mining

o Text:

e Soumen Chakrabarti: Mining the Web — Discovering Knowlege from
Hypertext Data, Morgan Kaufmann Publishers 2003.

m http://www.cse.iitb.ac.in/~soumen/mining-the-web/
m readable online in http://books.google.de

e Christopher D. Manning, P. Raghavan and H. Schutze, Introduction
to Information Retrieval, Cambridge University Press. 2008

m complete book freely available at
http://nlp.stanford.edu/IR-book/

e Johannes Furnkranz: Web Mining. The Data Mining and Knowledge
Discovery Handbook, Springer-Verlag 2005.

= Book chapter with many pointers to the literature
e Various other articles available from the Web-page

e Lecture Slides:
e available from course page (additional slides at book pages)
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http://www.ke.tu-darmstadt.de/lehre/ss14/web-mining
http://www.cse.iitb.ac.in/~soumen/mining-the-web/
http://nlp.stanford.edu/IR-book/

Ubungen

5 Aufgaben

= Programmierung ist notwendig
e aber die Programme sind nur Mittel zum Zweck

= ca. alle 2 Wochen eine Abgabe, Vorbesprechung 29.4.2014

e Ausarbeitung der Losungen
Ubungsstunden
= Durchbesprechen der abgegebenen Losungen

= Jeder der abgibt, muld anwesend sein, und die Losung
vorfuhren konnen

Beurteilung:

= Bonuspunkte bei bestandener Klausur
= Verbesserungen bis zu einem Notengrad sind moglich

Gruppenarbeit moglich
= Gruppengrolde max. 3

© J. Furnkranz



Overview

e Motivation

= Automated citation indexing and analysis: Citeseer
= Overview of Web Mining Tasks

e The Web

= Hypertext
= \World-Wide Web
= Problems

e Data Mining and Web Mining

= Motivation: World-Wide Data Growth
= Mining Structured vs. Unstructured Data
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Motivation

e The Web is now 25 years old

= ca. 1990, Tim Berners-Lee, CERN developed the first
graphical hypertext browser

e 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

e 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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Google 1998

Google!

Search the web using Google!

10results - [ Google Search ] [ I'm feeling lucky ]
Index contains ~23 million pages (soon to be much bigger)

About Google!

Stanford Search Linux Search
Get Google! updates monthly!
your e-mail Archive

Copyright ©£1997-8 Stanford University
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Google 2010

Web |mages Videos Maps MNews Shopping Mail more v iGoogle | Search settings | Sign in

Google

Advanced Search
Language Tools

Google Search | | I'm Feeling Lucky |

Advertising Programs - Business Solutions - About Google - Go to Google Deutschland

E2010 - Privacy
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Hard queries

e 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?
e The problems are

= finding the pages that contain relevant information
e pages of hotels in Vienna

= extracting the relevant pieces of information from these pages
e finding the prices, names, address of these hotels

= connecting the information that is extracted from the pages

e comparing the prices, sorting the hotels,
filtering those that are not in the first district

= apply common-sense reasoning in all phases

e e.g., look for pages of bed & breakfast (Pension) as well
e know about different currencies and conversions, etc.

8 © J. Furnkranz



Web Bilder Videos Maps Mews Shopping E-Mail

Mehr »

GO« 181(’3

*8 Alles
¥ Mehr

Das Web
Seiten auf Deutsch
Seiten aus Deutschland

= Mehr Optionen

wer unterrichtet web mining in darmstadt Suche

@ Darmstadt v Erweiterte Suche
ror The Semantic Web

Dateiformat: PDF/Adobe Acrobat - Schnellansicht

Johannes Fimkranz, Web Mining. In O. Maimon and L. Rokach (eds.), ...... Z.B. nur
Dozenten diirfen eine Vorlesung unterrichten ...
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ich frage aus reiner Interesse, warum man eigentlich an der TU Darmstadt mit dem ... was an einem normalen Gymnasium (zumindest in BW) nicht
unterrichtet wird, ... Seminar: Semantik im Automatischen Sprachverstehen, Web Mining ...

o www fachschaft. informatik_tu-darmstadt.de/forumfviewtopic.php?=2

D120.defforum » Thema anzeigen - Erste Hilfe

Die Athene, Logo der T Darmstadt .... Film gezeigt und ich denke, die meisten Leute, die ich unterrichtet habe, haben genug mitgenommen,
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Research Machine leamning Flickr Data Mining TU Darmstadt Tiibingen Digital photography __.. Unter dieser Sektion verweist 123people auf
Web-Dokumente, beispielsweise im ...
o www.123people del/s/markus+weimer

Thomas Kunstmann - Pipl Profiles
Thomas Fehnl and Thomas Kunstmann Darmstadt University of . __. BibSonomy, University of Kassel folksonomy,data L
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v TextRunner Search (Experimental)

TextRunner took 5 seconds.
Retrieved 0 results for Who teaches web mining in darmstadt.

Grouping results by argument 1. Group by predicate | arguiment 2
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& TextRunner Search (Experimental)

TextRunner took 6 seconds.
Retrieved 53 resulis for Who invented the light bulb.

Grouping results by argument 2. Group by: argument 1 | predicate

the light bulb - 11 results Search again:
Thomas Edison (299), Thomas Alva Edison (14), Thomas A. Edison (11), 37 more... invented the light bulb Who invented the light bulb
man (13), Thomas Edison (7), guy (G), 4 more... who invented the light bulb Search

Edison (27), Thomas Alva Edison (2) did n't invent the light bulb
Edison (8) had invented the light bulb
Edison (5) may have invented the light bulb

Jump to:

the light bulb (11)

Thomas Edison (4) would have invented the light bulb the incandescent light bulb and
Thomas Edison (4) failed invented the light bulb hanugrazh

9.999 light bulbs (1
first persan (2) to invent the electric light bulb

Edison (2) had n't invented the light bulb
Edison (2) could have invented the light bulb
Leonardo da Vinci not (2) producing not inventing the light bulb

the incandescent light bulb and phonograph - 1 result

Thomas Edison (2) invented the incandescent light bulb and phonograph

9,999 light bulbs - 1 result
Mr Edison (2) invented 9 999 light bulbs
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v TextRunner Search (Experimental)

TextRunner took 10 seconds.
Retrieved 37 resulis for Who is the chancellor of germany.
Grouping results by argument 2. Group by arquiment 1 | predicate

Chancellor of Germany - 10 results

Hitler (20), Nazi leader Adolf Hitler {4), 75th anniversary of the date (3), Herr Von Papen (2) was appointed Chancellor of Germany

Adolf Hitler (32), Angela Merkel (12), Bismarck (5), 8 more... was Chancellor of Germany
Hitler (31), Angela Merkel (2), Gerhard Schroeder (2) was elected Chancellor of Germany
Adolf Hitler (33), Day (2) was named Chancellor of Germany

Hitler (10) was made Chancellor of Germany

Hitler (3) was appointed as the Chancellor of Germany

Hitler (3) had been appointed chancellor of Germany

German politician (2) who was the Chancellor of Germany

Helmut Kohl (2} may be chancellor of Germany

Hitler (2) was nominated the chancellor of Germany

Chancellor of West Germany - 2 results

Kurt Georg Kiesinger (4), Schmidt (3), Helmut Kohl (2), Adenauer {Z) was Chancellor of West Germany
Kurt Georg Kiesinger (4) is elected Chancellor of West Germany

the first Chancellor of the Federal Republic of Germany - 1 result

Konrad Adenauer (3), Helmut Schmidt (2) was the first Chancellor of the Federal Republic of Germany

Supreme Chancellor of Germany - 1 result

Hitler (2) was named Supreme Chancellor of Germany

14

Search again:

Who is the chancellor of austria|

Search

Jump to:

Chancellor of Germany (10
Chancellor of West Germany (2)
the first Chancellor of the Federal
Eepublic of Germany (1

Supreme Chancellor of Germany
()

CDOU)} and Chancellor of West
Germany (1

the first Chancellor of Germany
of non-noble background (1)
Chancellor Merkel of Germany (1)
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Example Application: Citeseer

e Citeseer is a very popular search engine for publications in
Computer Science

= http://citeseer.ist.psu.edu/
e |t 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)
= |dentification of important publication media
e All of that is generated automatically!
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CiteSeer rird et rining

Maiwriin Liles e Sigital Lilirary

[ Documents '[ Citations ]

mearching for PHRASE web mining.

Restrict to;

Author Title  Order by

Expected citations Date Hits: 100 Try: Google (Citeseer) Google Meb) Yahoo! MSM CSB DELF

096 citations found, Retrieving citations...

Context Doc

! (D): Robert Cooley, Barnshad Mobasher, and Jaideep Srivastava, Web mining: Information and pattern discovery on the world wide

¥ Dec. 1997,

Looking for a

Context Doc
Hepaort 96-050,

Context Doc
Interest Group

Context Doc
Eighth Internat

Context Doc
the 10th Euro

Context Doc

|

n author? You may be seeing only a fraction of all citations. Try: web w/2 mining or w w/2 mining (w2 means within 2 words)

B. Maobasher, M. Jain, E-H. Han, and J. Srivastava "Web mining: Pattern discoveny fror world wide web transsctions, " Technical
y of Minnesota, Sep, 1996,

M O Masraoui, H. Frigui, B, Knshnapuram, and A Joshi. Mining web access logs wsing relationa! cormpetitive fuzzy clustenng. In
onal Fuzdy Systems Association Congress, Hsinchu, Taiwan, Aug. 1993

1473 I M. Craven, 5. Slattery, and K. Nigam. First-order learning for Web mining. \n C. Mdellec and C. Rouveiral, editars, Proceedings of
ean Confefence on Machine Learning (ECML-93), pages 250--255 Chemnitz, Germany, 1993, Springer-‘Yerlag.

12 {): [ Karuna P. Joshi, Anupam Joshi, Yelena Yesha, Raghu Krishnapuram, "Warshousing and Mining Web Logs", Proc. of 2nd

Warkshop on fWeb Infnrwatiun and Data Management (WIDMOD) (in conj. with ClkKM 93], Kansas City (Movember 1995,

Context Doc
Mining YWorks

Context Doc
Stud In ACK
Context Doc

Context

A, Banetjee and J. Ghosh. Glickstrearm Clustering Using Weighted Longest Cormon Subsequences. In Proceedings of the Web
15t SIAM Conf. an Data Mining, pages 34--40, Chicago, IL, April 2001,

10 (3
hop at the

B. Sarwar, G. Karypsis, J.A Konstan, and 1T, Riedl. Application of Dimensionaliy Reduction in Recormmendear Syatem - A Case
2000 Web Mining for E-Cormrmerce Warkshaop.

M. Mulvenna, 5. Anand, and A Buchner. Personalization on the net using web mining. CACM, 43(8):122--125, 2000,

Myra Spiliopoulou. The faborious way from data mining to web mining. submitted, June 1998

citation counts
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. Cooley, B. Mobasher, and J. Srivastava

University of Minnesota

ngineering

Minneapolis, MN 55455, USA

Abstract

Application of data mining techniques to the World
Wide Web, referred to as Web mining, has been the
Jocus of several recent research projects and papers.
Hmpever, there is no established vocabulary, leading to
confusion when comparing research efforts. The term
Web mining has been wsed in two distinct ways. The
first, called Web content mining in this paper, is the
process of information discovery from sources across
the World Wide Web. The second, called Web usage
mining, is the process of mining for user browsing and
access patterns. In this paper we define Web mining
and present an overview of the various research is-
sues, techniques, and development efforts. We briefly
describe WEBMINER, a system for Web usage min-
ing, and conclede this paper by listing research issues.

1 Introduction

With the explosive growth of information sources
available on the World Wide Web, it has become
increasingly necessary for users to utilize antomated
tools in find the desired information resources, and to
track and analvze their usape patterns. These factors

] tﬂ;d Databa b Rtk
b = Fattern Dizaovary Tools
Approac Poach Fatton 2rul ek Took,
it et Seach Agere. ikl Dt b,
“nomution Fteiing Wb DUty Syt

Catgoiztion
i Fonaizsd Web Aents

Figure 1: Taxonomy of Web Mining

context. There are several important issues, unique
to the Web paradigm, that come into play if sophis-
ticated types of analyses are to be done on server
side data collections. These include integrating var-
ious data sources such as server access logs, referrer
logs, user registration or profile information; resolving
difficulties in the identification of users due to miss-
ing unique key attributes in collected data: and the
importance of identifyving user sessions or transactions
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Tasks 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...

25
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Web Mining

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

e Text Mining:

= Application of Data Mining techniques to unstructured
(free-format) text

e Structure Mining:

= taking into account the structure of (semi-)structured
hypertext (HTML tags, hyperlinks)

e Usage Mining:

= taking into account user interactions with the text data (click-
streams, collaborative filtering, ...)

26 © J. Furnkranz



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

27 © J. Furnkranz



The Web

e The Web is a unique kind of hypertext document
= alarge 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
e Main Problem:
= How can | find the information | am looking for?
e Web Mining:
= finding and extracting relevant information from the Web

28 © J. Furnkranz



A Brief History of Hypertext

e On Paper

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

e cross-references are hyperlinks
= Scientific literature

e citations of other works is another
form of hyperlinks

* The book wheel
= Agostino Ramelli, Paris 1588

= Device for reading several books
at once

= maybe considered as a precursor
to the Memex and thus to hypertext

29 © J. Furnkranz



Example: Cross-references
in the Bible

The bar graph that runs along the bottom represents all of the chapters in the Bible. Books
alternate in color between white and light gray. The length of each bar denotes the number
of verses in the chapter. Each of the 63,779 cross references found in the Bible is depicted
by a single arc - the color corresponds to the distance between the two chapters, creating a
rainbow-like effect.

Source:Chris Harrison, CMU (http://www.chrisharrison.net/projects/bibleviz/)

30
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Example: Social Network in the Bible

based on name
co-occurrences
1n verses

Source:Chris Harrison, CMU (http://www.chrisharrison.net/projects/bibleviz/)
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A Brief History of Hypertext

e Memex (Vannevar Bush, 1945)

= design for a photo-eletrical, mechanical
storage device that could link documents

= On-line Demo
http://www.youtube.com/watch?v=c539cK58ees
http://www.dynamicdiagrams.com/demos/memex1a.zip

e Xanadu (Engelbart & Nelson 1965) http://xanadu.com/

= first conventional hypertext system, also pioneered wikis
= too complex to be realized, first use of word ,hypertext”

e Many successor systems
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A Brief History of the Web

e Tim Berners-Lee (CERN)

= first proposals around 1980
= 1990: work on the ,World Wide Web"

From Computer Desktop Encyclopedia

- fi rSt g ra p h i Ca I i n te rfa CeS 'CSDSTMSS Hotlist  Annotate Help
. EHERR«EEEEEE
® 1 99 3 . Document Title: | MCSA Mosaic Home Page | ( %
Documen LURL: |http://www.ncsa.uiuc. edu/SDG /S oftware/Mosaic/NCS/| - )
= Mosaic (Mark Andressen, NCSA): == =

intuitive hypertext GUI for UNIX M O SA I C
= HTML: hypertext markup language | XWin Sy« Microot Vindows « ciniah
= HTTP: hypertext transport protocol ——— m
e 1994; R
= Netscape was founded
= 1% World Wide Web Conference http://www.w3.org/
= World Wide Web Consortion founded by CERN and MIT

33 © J. Furnkranz
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http://www.w3.org/

A Brief History of the Web

34 Quelle: Der Standard, 13. 8. 2011 © J. Flrnkranz



HTTP (hypertext transport protocol)

e Built on top of the Transport Control Protocol (TCP)

e Steps(from client end) http://www.w3.org/Protocols

= resolve the server host name to an Internet address (IP)

e Use Domain Name Server (DNS)

e DNS is a distributed database of name-to-IP mappings maintained
at a set of known servers

= contact the server using TCP
e connect to default HTTP port (80) on the server.

e Enter the HTTP requests header (E.g.: GET)

e Fetch the response header

= MIME (Multipurpose Internet Mail Extensions)
= A meta-data standard for email and Web content transfer
e Fetch the HTML page

35 Chakrabarti and Ramakrishnan © J. Furnkranz
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Sample http connection log

Host Port

% telnet www.cse.iitb.ac.in 80
Trying 144.16.111.14...
Connected to www.cse.iitb.ac.in.
Escape character is ']’.

GET / Http/1.0 CGET / Htp/1.0
~~ Http/1.1 200 OK T

Date: Sat, 13 Jan 2001 09:01:02 GMT

Server: Apache/1.3.0 (Unix) PHP/3.0.4 Pfad

Last-Modified: Wed, 20 Dec 2000 13:18:38 GMT
ETag: "5¢248-153d-3a40blae”

Header < Accept=-Ranges: bytes

Content-Length: 5437

Connection: close

Content-Type: text/html

\_ X-Pad: avoid browser bug

HTML | -”

<head><title>1IT Bombay CSE Department Home Page</title></head=

Of W/ eb <body>...<a href="http://www.iitb.ac.in">11T Bombay</a>...
</body></html=

page . .
Connection closed by foreign host.
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HTML

http://www.w3.org/MarkUp/
e HyperText Markup Language

e | ets the author

= specify document structure

e browser converts structure to layout
e direct specification of layout and typeface possible

= embed diagrams

= create hyperlinks.

e expressed as an anchor tag with a HREF attribute

e HREF names another page using a Uniform Resource Locator
(URL),

e URL (Uniform Resource Locator) =
= protocol field (e.g., “HTTP”) +
= server hostname (“www.cse.iitb.ac.in”) +
= file path (/, the root' of the published file system).
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DOM Tree

e DOM = Document Object Model  http://www.w3.0org/DOM/

e 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

e 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
e Firefox->Web Developer/DOM Inspector
= plugin
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Web: A populist, participatory medium

e number of writers =(approx) number of readers.

e the evolution of memes
= term ,meme"“ coined by Richard Dawkins " THE
(,The Selfish Gene*) Seae
e in analogy to the role of genes in evolution
= memes are ideas, theories etc that spread
= from person to person by imitation.

e good memes survive, bad memes die out
e the Web archives them all
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Abundance 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

40 Chakrabarti and Ramakrishnan © J. Furnkranz



Problems due to
Uniform accessibility

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

e commercial interests
routinely influence the
operation of Web search

= “Search Engine
Optimization“ !!

e False information

= Hacked FoxNews,
July 4™ 2011

41

twitter ¥

foxnewspolitics @

@foxnewspolitics Washingtan. D.C

7

& Follow | Teut follow foxnewspolitics to your carners shortcods

Tweets Favontes Fallowing Followers Lists

foxnewspolitics
We wish @joebiden the best of luck as our new President of the

i

tunnel

foxnewspolitics
BREAKING NEWS: President @ BarackObama assassinated, 2

i

gunshot wounds have proved too much. ft's a sad 4th for #america
#obamadead RIF

foxnewspolitics ¢
#ObamaDead, it's a sad 4th of July RT to support the late
president's family, and RIP. The shooter will be found

foxnewspolitics
BarackObama shot twice at a Ross' restaurant in lowa while
campaigning. RIP Cbama, best regards to the Obama family

foxnewspolitics

BarackObama has just passed. Nearly 45 minutes ago, he was
shot twice in the lower pevic area and in the neck; shooter
unknown. Bled out

i A B

foxnewspolitics

of July indeed. President Barack Obama is dead

foxnewspolitics
Just regained full access to our Twitter and email. Happy 4th

T

United States_ In such a time of madness, there's light at the end of

BarackObama has just passed The President is dead. A sad 4th



Data 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)

,160,000,000 terabytes of data have been generated in
2006

(Data Consortium)
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Data Mining

Mining for nuggets of knowledge in mountains of Data.

The First In’rernnhﬂﬁfﬂ' Ccmferram:e an
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Definition

Data Mining is a non-trivial

process of identifying It employs techniques from

e valid machine learning
e novel | statistics
e potentially useful databases

e ultimately understandable
patterns in data.

(Fayyad et al. 1996)

Or maybe:
e Data Mining is torturing your database until it confesses.
(Heikki Manilla (?) after Ronald Coase)
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World-Wide Data Growth

Science
= satellite monitoring
= human genome

Business

= OLTP (on-line transaction processing)

s data warehouses
= e-commerce

Industry
= process data

World-Wide Web

45
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The Birth of the Web

e ARPANET

= started with 4 nodes
at four universities

e UCLA, UCSB, SRI, Utah

= first message sent on
October 29, 1969
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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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Geographic Distribution of
Internet Usage

Quelle: Der Standard, 13. 8. 2011 © J. Furnkranz



Geographic Map of Internet Traffic

Source:Chris Harrison, CMU 50 © J. Furnkranz



How Big is the Web?

e 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
e Size of the Web

= Results from 1998 estimate that the best search engines
index about 30% of the Web.

e Gulli & Signorini (2005)
= estimate the size of the Web to 11.5 billion pages,

= Coverage of search engines

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

Source: www.thestandard.com 51 © J. Furnkranz
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WorldWidelWebSize.com
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The size of the World Wide Web

The Indexed Web contains at least 14.56 billion pages (Wednesday, 13 April, 2011).
The Dutch Indexed Web contains at least 618.51 million pages (\Wednesday, 13 April, 2011).

The Indexed Web | The Dutch Indexed Web

Last Month | | Last Three Months | | Last Year | | Last Two Years
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E-mail and WWW Usage

33 Quelle: Der Standard, 13. 8. 2011 © J. Flrnkranz



Internet Activity in 60 secs

Quelle: Der Standard, 13. 8. 2011 © J. Furnkranz



Social Connectivity

Quelle: Der Standard, 13. 8. 2011 © J. Furnkranz



Structured vs. Web data mining

e traditional data mining

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

e \Web data

= semi-structured and unstructured
= readily available
= rich in features and patterns

= spontaneous formation and evolution of

e topic-induced graph clusters
e hyperlink-induced communities

56 Chakrabarti and Ramakrishnan © J. Furnkranz



Structured Data

Attribute-Value data:

= Each example is described with values for a fixed number of
attributes
e Nominal Attributes:
m store an unordered list of symbols (e.g., color)
e Numeric Attributes:
m store a number (e.qg., income)
e Other Types:

m hierarchical attributes
m set-valued attributes

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

= The relevant information is distributed over multiple relations
= |nductive Logic Programming

57 © J. Furnkranz



Structured Data

07-05 sunny high false
07-06 hot sunny high true
07-07 hot overcast high false
07-09 cool rain normal false
0710 cool overcast normal true
07-12 mild sunny high false
0714 cool sunny normal false
0715 mild rain normal false
07-20 mild sunny normal true
07-21 mild overcast high true
07-22 hot overcast normal false
07-23 mild rain high true
07-26 cool rain normal true
07-30 mild rain high false
today cool sunny normal false -_
tomorrow mild sunny normal false -_

58 © J. Furnkranz



Semi-Structured and Unstructured
Data

e Semi-structured Data

® NoO clear tables

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

= some structure implicit in the data
e e.g., formatting via HTML
= |arge parts without structure

e free text
= http://weather.yahoo.com/forecast/GMXX0020.html

59 © J. Furnkranz
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Semi-Structure

e Semi-structured Data

= NO clear tables

* it may be hard to identify
e it may also be hard to ide ‘w3 w3 o3

= some structure implicit in
® eg, fOI’mattlng V|a HTI\/”. More Current Conditions

= large parts without structt

e free text

= http://weather.yahoo.com/fc

Darmstadt Weather

at: 9:80 am CEST

FFIC" . TewtForecast

& igh; 52°
Currently: I & High:
45“ “pyt
. 33"
Fair Low:
I : 7 7 7 : r 7 7 e —
1} 10 20 300 40 a0 1] o a0 o 100 110

5 Day Forecast
Today Tomorrow Sat
,-‘"I'"I{, ,-‘"I'"Iv; ? 5‘..:.
P f P f Fgady
Sunmy Sunmy Pl Showers
High: 52" High: 57" High: 63"

sun Mon 6-10 Day
Light Rain Light Rain Extended
Forecast
High: 81° High: 56"
Low: 47° Low: 45°

Featured Forecasts atweather.com:
Allergies | Golf | Driving Conditions

Feels Like: 45"

Barometer: 30.09 in and steady
Humidity: 3%

Visibility: 59.99 mi

Local Forecast - (How to Read This)

Today: Abundant sunshine. High 82F Winds NE
atato 10 mph.

Tonight: Maink clear. Cold. Low 33F. Winds EME
atato 10 mph.

Tomorrow: Maink sunny. High 57F. Winds ESE
atato 10 mph.

Tomorrow night; A few clouds from time to time.
Low 38F . Winds light and variable.

Saturday: Showers possihle inthe afternoan.
Highs in the low 605 and lows in the upper 30s.

Sunday: Light rain. Highs in the low 60s and
lowys inthe upper 40s.

Dewpoint: 28°

Wind: HME 9 mph
Sunrise: B:21 am
sunset: 328 pm

Sponzored Links

Darmstadt, Germany

Fioneer Military Loans, offering loans up to
$10,000, 24 hours, T days a week worldwide
for active and retired military and Federal G3
employees.

vty themilitanzone.com

Darmstadt Germany Tourism Information
Yisit our site far information on German Cities,
Hotels, Restaurants, Tours, Airports, Activities
and everything German.

Wit O eto g ermanynow. com

{ iilhat's this?
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Semi-Structured and Unstructured
Data

e Semi-structured Data

® NoO clear tables

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

= some structure implicit in the data
e e.g., formatting via HTML
= |arge parts without structure

e free text
= http://weather.yahoo.com/forecast/GMXX0020.html

e Unstructured Data
= free text
= http://www.wetterzentrale.de/wzwb.html
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Der Wetterzentrale Wetterbericht ausgegeben am 21. April 2005, 8:09 MESZ

Lage:
Die aus Mordosten eingeflossene Kaltluft gelangt rasch unter schwachen Hochdruckeinfluss. Bereits am Samstag greifen die Auslaufer
westeuropaischer Tiefs auf den Sidwesten Ober und fihren mildere und feuchte Luft heran.

Temperatur und Cruckverteilung in Europa Thu, 21APRZ005 127
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Vorhersage fiir Deutschland:

Heute nach Aufldsung drtlichen Mebels meist heiter bis walkig und trocken. Am Alpenrand anfangs noch stark bewdlkt, aber kaum nach
Fegen. Im Morddeutschen Tiefland ab dem Mittag einige Wolkenfelder. Hochsttemperaturen 8 his 13 Grad. Dabei am Rhein am mildesten.
Schwacher bis makiger YWind, im Morden auf West drehend, sonst aus Mordost bis Mord. In der kammenden Macht im Morden wolkig, Sonst
klar. Tiefstwerte zwischen 3 Grad im Naorden und bis -3 Grad im Siiden.

Morgen dstlich der Elbe wolkig, es hbleibt aber trocken. Sonst sonnig und trocken. Hachsttemperaturen zwischen 10 Grad an der Cder und

bis 16 Grad am Fhein.

Tendenz fiir die Folgetage:

Am Samstag im Sidwesten bereits am Yormittag zunehmende Bewidlkung und ab dem Mittag einsetzender Eegen. In der Mitte freundlich
und mild. Im Mordosten wiolkig und immer noch kohl.

Am Sonntag im Maorddeutschen Tiefland heiter bis waolkin und trocken. Bei kraftigem Qstwind recht kohl. In der Mitte und im Saden wolkig his
stark hewidlkt mit gebietsweisem Regen oder einzelnen Schauern und mild.

Am YWochenbeginn auch im Morden unbestandiger.

Ab der YWochenmitte deutet sich trockenes und warmeres Vetter an.

Wetterzentrale | Top Karten
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Unstructured vs. Structured Data
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Unstructured vs. Structured Data
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Web 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:
= |earning to improve agents
(crawlers, relevance feedback, ...)

65
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Induction of Classifiers

Inductive Machine Learning
algorithms induce a
classifier from labeled
training examples. The
classifier generalizes the
training examples, 1.e. it is
able to assign labels to new
cases.

Example

Training

66

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).

Classiﬁcation».

© J. Furnkranz
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