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Wy This Talk?

ector Garcia-Molina at JCDILL2005
Digital Libraries Initiatives: What | learned (and

C

idn't) in 10 years”

» \World Wide Web Tsunami:

Enermous velume and coverage ofi content
(Everything Is free? Heterogeneity?)

Large number of users
(No difference between producers and consumers)

Vast number of computers and devices
(Many different applications are possible)
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Some Interesting statistics

» Google Indexes

= 8 Dbillion web pages

= 2 billion Images

= 1 billion Usenet messages
» Nielsen’s May 2004 survey

An average surfer went online 30 times for
> 24 hours In tetal during a moenth

» 1 time per day
» 45 mins per day
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What are the implications to
Digital Libraries?

» Search: OPACS vs Google
» Browse: Books vs Welb Pages/E-Articles

» Classification System: Dewey Decimal
Classification vs Yahoo! & DMOZ

» Definition; of Terms: Encyclopedia vs
Wikipedia (WWW.WIKIRERIZ.0rg/)

» Users: Library cards vs User blogs
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http://www.wikipedia.org/

Wikipedia

2l Digital library - Wikipedia - Microsoft Internet Explorer, Q@@

article discussion edit this page history

Wikimedia needs your help in its US$200,000 fund drive. See our fundraising page
for details.
The Free Em"]l;':‘r)!.\m’.f.-:r

navigation D|g|ta| |Ibl’a I’y

Main Page From Wikipedia, the free encyclopedia.
Community portal

Current events A digital library comprises digital collections, services and infrastructure to support

Recent changes lifelong learning, research, scholarly communication and preservation.
Random article

Help
Contact us A digital library is, like a traditional library, a collection of books and reference

Donations materials. Unlike a traditional library, however, the collection of a digital library is, as you
h would expect, digital, and is usually served over the World Wide Web. Some of the
searc
largest and most successful digital libraries are Project Gutenberq, ibiblio and the

I:l Internet Archive
A

Some people have criticized that digital libraries are hampered by copyright law,

toolbox hecause works cannot be shared over different periods of time in the manner of a
* What links here traditional library. The content is, in many cases, public domain or self-generated content

* Related changes
= Upload file

= Special pages

= Printable version Genre publisher Baen Books has made many of its titles available electronically through

2005/9/27 o e Lo the Baen Free Library.

only. Some digital libraries, such as Project Gutenberg, work to digitize out-of-copyright
works and make them freely available to the public.

' Inkernet




User Blog

-2} Why are youworshipping the ground I blog on? - Microsoft Internet Explorer Q@@

DBlogger | GET YOUR OWN BLOG | [™ FLAG? || NEXT >

. Inkermet
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What are the implications to CS
researchers?

» Large amount of Web infermation waiting to
be processed

» Semantic Web

» But there are technical challenges!
Unstructured and semi-structured content

_inks, links, links....

Large of discipline

Dynamic Web
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Use of Web Mining

» [ypes of Web mining:
Web content mining
Web usage mining
Web link mining
Web infermation extraction

» \Web mining for addressing the challenges
» Ontoloegy-based web (content) mining
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Outline

» \What Is an Ontelogy?

» Ontolegy-based Welh Mining

» Homepage Mining

» Homepage Relationship Mining
» Conclusion
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M Ontology - Wikipedia, the free encyclopedia - Microsoft Internet Explorer

. FEile Edit Wiew Favorites Tools  Help

eBack - \__/l @ @ \._;j ;\] Search ‘-i'\?Favorites @ [‘2:{- :?,, lﬂ_.;l - J ﬂ

: Address |@ htkp:ffen.wikipedia, orgfwildfOntology

2 Create account / log in

article discussion edit this page history

Ontology

The Free Encyclopedia From Wikipedia, the free encyclopedia.

navigation
This article discusses ontology in philosophy. For the term in computer

science, see ontology (computer science).

* Main Page
Community portal

Current events In philosophy, ontology (from the Greek oévroc = part. of eivar = being and
LD Cha'_"ges Aoyoc¢ = word/speech) is the most fundamental branch of metaphysics. [ﬂ
Random article studies being or existence as well as the basic categories thereof—trying to

Hel
=P ind out what entities and what types of entities exist. Ontology has strong

Contact us

Donations implications for the conceptions of reality.

Some philosophers, notably of the Platonic school, contend that all nouns refer
to entities. Other philosophers contend that some nouns do not name entities
but provide a kind of shorthand way of referring to a collection (of either objects

ar avante) In this latter view mind instaad of rafarring to an antitv refers tn a

search

l Go H Search l

<
@ £ Internct
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Ontology

» Genersereth and Nilsson:

Ontology Is an explicit specification of a set of objects,
concepts, and other entities that are presumed to exist
N some area of interest and the relationships that hold
them.

» Ontology Is to be shared and reusable

» Usually refer to abstract concepts and
relationships (or properties)

» Rarely used for concept and relationship instances

2005/9/27 Web Mining - The Ontology Approach
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Our Definition

A set of concepts (C) and relationships (R)
between the concepts

Legend:

I:l Concept

Non-Taxonomic

. Relationship
Taxonomic

Relationzhip

Fig. 1 An Unmwversity Ontology Example

2005/9/27 Web Mining - The Ontology Approach
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Ontology Research

» Ontology censtruction
Manual approach: OntoEdit
Automatic approach: Ontolearn

» Ontology representation languages

Traditional: CyclL, Ontolingua, ete..
Web standards: XML, RDF

Web-based ontoloegy specification languages:

OIL, DAML+OIL, XOL, SHOE

2005/9/27 Web Mining - The Ontology Approach
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Ontoloegy-based
Welb (Content) Mining

» [ypes oft web content mining

We
We
\We

2005/9/27

0 page classification
0 clustering

D extraction

Web Mining - The Ontology Approach
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Web content mining + Ontelogy.

» Known instances oft ontoloegy entities as
additional features
Example: Ontology-based Web site structure
mining
» Ontology provides background semantic
structures for mining

Example: Onteloegy-based Wel classification -
classifying Web pages as concept instances and
Web page pairs as relationship instances
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DL Applications of
Ontology-based Web Mining

» Impreved search to Web data
» Better browsing capabilities
» Personalization of Wel data access

2005/9/27 Web Mining - The Ontology Approach
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Ontology-based Concept Search

’a ORE - Microsoft Internet Explorer

Nanyang CORE : A Search and Browsing Tool for
Technological Universi Semantic Instances

Query Form Query Results

Concept | Relationship ‘ Actor

Harry Melling
Web Site: ovies.yahoo.com/ Rupert Grint

Concept: Actor - Daniel Radcliffe
Keyword: ll—lanyi

Oliver Phelps

Harry
Harry Dean Stanton

. Harry Hamlin
Page Information

Page URL:
Instance of:

Relationships :

Submit

2005/9/27 Web Mining - The Ontology Approach
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ntology-based Relationship Search

2005/9/27

‘a CORE - Microsoft Internet Explorer

Nanyang CORE : A Search and Browsing Tool for
Technological University Semantic Instances

Query Form Query Results

Concept Relationship Movie Actor

. ¢ Harry Dean Stanton
s The Big Bounce (2004} . -
Web Site: http://movies.yahoo.com/ « Sara Fo

Relationship: |Actor-of(Movie,Actor) - Alan Rickman

+ Love Actually (2003 Emma Thompson

Movie | | Keyword: hig January Jones

Actor | | Keyword: Harry

o All The Real Girls (2003 Patricia Clarkson

Page Information

Page URL:
Instance of:
Relationships :

Submit
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Ontology-based Browsing

» Browsing Movie
homepage

2005/9/27

icrosoft Internet Explorer

Concept Relationship M

‘Web Site: movies.yahoo.com/

CORE : A Search and Browsing Tool for
Semantic Instances

Query Form Query Results

e Actor

+ Harrv Dean Stanton
Fo

+ The Big Bounce {2004)

Relationship: | Actor-of(Movie,Actor) -

Movie | | Keyword: big The Big Bounce (2004)

Page URL:
Instance of:

Relationships :

Keyword: Harry » Movie Main Page Trailers & Clips

. DVD/Video Info
ERE Showtimes & Tickets _
Critics Reviews ) Staf:t Rating
Movies Now

User Reviews 5
Movie Mom's Review @ 1328, Users: Sign In

Page Information ShedislRio e | C- or sign up
Trailers & Clips d i

AD
i : i DVD/Video |
novies.yahoo.com/shop?d=hv&id=18084384528&c Premiere Photos :
Production Photos
Movie Message Board
- Gary Sinise A
@ Actor-of B:ﬁ: e e the |
© Directed-by Web Sites Charlie Sheen i h\rr_\
© Produced-by Showtimes & Ticket - y
: 3 ean Stanton
¢ Written-by Andrew Wilson

Sponsored

Web Mining - The Ontology Approach
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Our Ontolegy-based Web Content
Mining Research

» \Web page classification

» Homepage mining

» Homepage relationship mining

» Focus on web content from a given website

2005/9/27 Web Mining - The Ontology Approach



Homepage Mining

» Given an ontolegy consisting of concepts
and a web site, find the homepages of
concept instances

3 Home Page - Lim, Fe Peng - Microsoft Internet Explarer FE®
Ble Bl yew Faweies Lok bep &
Que - @ [x] [B) @ Poower foraean @

] Pt [movees i s g esteiplen
et evence Risconckation in Cormples Information Soaces w| W Seachweb = | S See popus boved | 1]

Department_Of D epartment

janyang fember Of
Il‘dnaﬂylalalngl Member Of

gt
Person
!

an A ate

Urse

Faculty il Student

% Local ntranst
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Homepage Relationship Mining

» Discovery ofi homepage pairs as related
concept iInstances, or relatienship instances




Wihat are the technical challenges?

» Tasks
Find the homepages
Assign It with the appropriate concept label
Ildentify the relationships among the homepages

» Challenges
Definition of concept instance Is subjective

Web sites organize Web pages in different ways

Features for identifying relationship instances are
limited

2005/9/27 Web Mining - The Ontology Approach
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Homepage Mining using Web Units

» dea:
A more complete concept instance =
homepage + support pages
» Web unit:
Exactly one homepage
ZEro or more support pages
» \Web unit-based homepage mining:

Finding Web units representing concept
Instances

2005/9/27 Web Mining - The Ontology Approach 24



Web Unit of a
CS100 course

Web Unit of a
Professor

2005/9/27

Web Unit

http://..path/course/CS100/CS100.html
http://..path/course/CS100/lecture-programs.html
http://..path/course/CS100/officehours.html

http://..path/course/CS100/instructor.html
http://..path/course/CS100/exams/final.html
http://..path/course/CS100/exams/prelim.html

http://..path/user/johnson/index.html
http://..path/user/johnson/research.htmi

http://..path/user/johnson/publications.html

http://..path/user/johnson/activities.html
http://..path/user/johnson/students.html
http://..path/user/johnson/teaching.html
http://..path/user/johnson/contact.html

Web Mining - The Ontology Approach
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Web Unit-based Homepage Mining

» [Wo main tasks:

Find Web pages that form a \Web unit and
determine the role of each page

Assigni concept labels to Web units

» Differences between web unit-based
homepage mining and Web page
classification

Concept-relationship graph vs flat categories
Web units are not known beforehand

2005/9/27 Web Mining - The Ontology Approach
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Iterative Welb Unit Mining Method
WASLY

1. Find hemepages

Find some support pages for each homepage
and construct initial set of web units (may be
Incomplete) — web fragments

Assign concept labels to web units
Construct larger web units
Reclassify web units

Repeat 4-5 until no or little changes to labels
assigned

N>

0 e W
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Phase 1
Web fragment

generation

Web pages
of'a Website

Web Directory
Construction

Web Umt
Construction

¥

v

Web Fragment
Generation

Web Unit
Classifier Learning

v

v

Web Fragment
Classification

Web Unit
Clagsitication

!

Web
units

Phase 2:
Web fragment
merging



Observations on Web Units

» Observation 1

Web pages from the same Web felder are more
semantically related

» Observation 2
Support pages are normally reachable from key
Page

» Observation 3

Key page Is usually at the highest level of the
Web folder containing the Web unit

2005/9/27 Web Mining - The Ontology Approach 29



Observations on Web Units

» Observation 4

Web units ofi same concept seldom have links between
them

» Observation 5

Multi-page Webi units ofi the same concept often reside
In a set of folders (one for each) under a common
parent folder

One-page Web units of the same concept often appear
In the same folder

» Observation 6

Key page ofi the Web units ofi the same concept are
often the link targets of a hub page

2005/9/27 Web Mining - The Ontology Approach
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Web Fragment Generation

» Assoclate clesely-related Web pages toegether

» Rer
» Rer

Lice the objects to be classified
Lice noise in training

» Ste

0S:

Buildi a directory tree of folders and \Web pages

Compute the connectivity inadex ofi each \Web folder to
measure the extent to which the Web pages and folders

u

nder the former are connected

Determine the candidate homepages in Web folder with

S

2005/9/27

mall connectivity index values

>Web page namlng convention: common names for key pages
are “index.html”, “index.htm”, etc..

Web Mining - The Ontology Approach 31



Web Fragment Generation

» Find Canaidate Key Pages

2005/9/27

URL of the page ends with a “/”

The folder containing the page and the page share
the same name, e.g., ...path/cs100/cs100.htmi

Page file name matches: home, /naex, welcome,
derault, and homepage

Web Mining - The Ontology Approach 32



Web Fragment Generation and
~ Classiiication

Example: Course CS100 Example: Prof Johnson

1. http://..path/course/CS100/CS100.html [COURSE]

1. http://..path/user/johnson/index.html [PROF
http://..path/course/CS100/lecture-programs.htmi [ ]

http://..path/user/johnson/research.html

http://..path/course/CS100/officehours.html http://..path/user/johnson/publications.html
http://..path/course/CS100/instructor.html http://..path/user/johnson/activities.html

http://..path/user/johnson/students.html
http://..path/user/johnson/teaching.html
http://..path/user/johnson/contact.html
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Web Unit Construction

_______________________________________

2005/9/27 Web Mining - The Ontology Approach
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Web Unit Construction

1. http://..path/course/CS100/CS100.html [COURSE]
http://..path/course/CS100/lecture-programs.html
http://..path/course/CS100/officehours.html
http://..path/course/CS100/instructor.html

2. http://..path/course/CS100/exams/final.ntm [NONE]

1. http://..path/course/CS100/CS100.html [COURSE]
http://..path/course/CS100/lecture-programs.htmi

http://..path/course/CS100/officehours.html
http://..path/course/CS100/instructor.html
http://..path/course/CS100/exams/final.htm
http://..path/course/CS100/exams/prelim.html

2005/9/27 Web Mining - The Ontology Approach 35



Web Unit Classification

» Observations 5 and 6:

Multi-page Web units of the same concept often reside
In a set of folders (one for each) under a common
parent folder

Key pages of the Web units of the same concept are
often the link targets of a hulb page

» Improve Web unit mining accuracy
Web site structure features
Content features

2005/9/27 Web Mining - The Ontology Approach
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Web Unit Classification




Web Site Structure Features

» Normalized classification score (each web unit) for
each concept

» Organization of the web units within the web site
Cleseness to the average depth for each concept
Highest in-link hulb value for each concept

Precision support of the parent web folder for each
concept

Recall support of the parent web folder for each; concept

» \Word features in the web page names and URLS
Each word (term) in page names and URL

2005/9/27 Web Mining - The Ontology Approach 38



Performance: of IWUM

» Performance Is measured by
Are the web units correctly constructed?
Are the web units correctly classified?

» Implication off homepage and support pages

» IWUM performs well on the WebKB: dataset

4 university websites: Cornell, Texas, \Washington and
Wisconsin

4 concepts: Student, Course, Faculty, Project
» IWUM works better for more structured websites

2005/9/27 Web Mining - The Ontology Approach
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Web Unit-based Homepage
Relationship Mining

» Assumptions

Web units are known by web unit-based homepage
mining

Relationships can be determined based on background
relation knowledge

Background relation are represented by inter-
nomepage features

» Our proposed method

1.
2.
3.
4.

2005/9/27

Candidate homepage pair generation
Feature acquisition

Classifier training

Classification

Web Mining - The Ontology Approach 40



Inter-Homepage Features

» Navigation Features (N)— links between welb pages
Intra-unit links
Inter-unit links

» Relative Location Features (R) — location in web directory
Parent-child
Sibling
Ancestor-descendent

» Common-item Features (E) — shared by homepages
Email addresses

» Supplementary features (A) — additional features derived
for some inter-homepage features

2005/9/27 Web Mining - The Ontology Approach
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Navigation Features (N)

Web Mining - The Ontology Approach

D homepage
D support page
—3  hyperiink
—» intra-unit link

—=  inter-unit link

connectivity type

us.h — p «
'u.s.h — p -
s — }j ¢
LS — P+
'u.s.h —p
us.h — p
Ug.8 «— P

lg.8 «— P

-]
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Relative Location Features (R)

» Parent-child: h2 and h4
» Sibling: h2 and h3

» Ancestor-descendent: hl and h4

http-/Awww.ntu.edu.sg/h1.htm

hitp-/Awww niu.edu.sg/dirt/h2.htm
hitp-/Awww ntu edu sg/dirt/h3.htm
hitp-/Awww. ntu.edu.sa/dirt/dir2/h4. hitm

E Web folder D homepage

2005/9/27 Web Mining - The Ontology Approach
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Experimental Dataset

» \WebKB
Department-of (people, department)
Instructor-of (people, course)
Member-of (people, project)

University Department-of Instructor- Member-of
off
Pos Neg Pos Neg Pos Neg
Cornell 183 0) 32 7654 | 66 3594
Texas 197 0) 42 7444 | 89 3851
Washington 161 6 65 12294 | 135 3372
Wisconsin 207 3 112 17108 | 102 5148

2005/9/27 Web Mining - The Ontology Approach
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Experimental Results

» On the manually labelled web units

Department-of Instructor-of Member-of
Features Pr Rre F1 Pr Re F1 Pr Re F1
N 0.988 0.796 | 0.875| 0.879| 0.651 | 0.724 | 0.8/9 | 0.884 | 0.881
NR 0.987 1.000 | 0.994 | 0.877| 0.67/3 | 0.737 | 0.879 | 0.884 | 0.881
N|= 0.988 0.797 | 0.876| 0.884 | 0.695 | 0.759 | 0.87/9 | 0.890 | 0.883
NRE 0.987 1.000 | 0.994 | 0.864 | 0.696 | 0.750 | 0.879 | 0.890 | 0.863

2005/9/27
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Experimental Results

» On the IWUM mined web units

department-of instructor-of member-of
University Pr Re Pr Re Fi Pr Re
Cornell 0.986 0.770 0.865 0.800 0.250 0.381 0.323 0.303 0.312
Texas 0.989 0.893 ).7. 0.452 0.559 0.000 0.000 0.000

Washington 0.863 0.863 ).737  0.438 0.549 0.000 0.000 0.000
Wisconsin 0.968 0.884 0.924 ).812  0.500 0.619 0.477 0.618 0.538
MacroAve 0.952 0.853 0.898 0.410 0.527 0.200 0.230 0.213
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Conclusion

» Ontology can be used to add semantics to
Webh content

» \We introduce two ontology-based web
content mining problems
IHomepage mining
IHomepage relationship mining
Web Unit te model a concept instance

2005/9/27 Web Mining - The Ontology Approach
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Future Research Opportunities

» Ontology can be Incerporated in other web
mining technigues

» Digital libraries can benefits from the
additional semantics about Web content
» Future research
Web unit-based searching
Link analysis among web units
Evelution off web units
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