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World-Wide Web

® Initiated at CERN (European Organization for Nuclear Research)
— By Tim Berners-Lee (1989)
1945: Vannevar Bush
As We May Think
1965: Ted Nelson

'hypertext' : non-sequential writing

® Mosaic (1993)
— A hypertext GUI for the X-window system

— CERN HTTPD: server of hypertext documents



1994: the Landmark Year

® Foundation of the “Mosaic Communications
Corporation"

® First World-wide Web conference

hitp.//www.iw3c2.org/conferences/

® MIT and CERN agreed to set up the World-wide
Web Consortium (W3C).



Crawling and Indexing

® Crawler/Spiders/Web robots/Bots

® Purpose of crawling and indexing

— Quick fetching of large number of Web pages into a local
repository

— Indexing based on keywords

— Ordering responses to maximize user’s chances of the
first few responses satisfying her information need.

® Earliest search engine: Lycos (Jan 1994)

® Followed by....
— Alta Vista (1995), HotBot and Inktomi, Excite



Topic Directories

® Yahoo! directory

— To locate useful Web sites

— Jerry Yang & David Filo (Ph.D. students at Stanford
University), 1994

® Efforts for organizing knowledge into ontologies

— Centralized: Yahoo!

— Decentralized: About.COM and the Open Directory



Hyperlink Analysis

® Take advantage of the structure of the Web graph

— Indicators of prestige of a page (e.g. citations)

— HITS (Kleinberg 1998) & PageRank (Page 1998)
® Bibliometry
— Bibliographic citation graph of academic papers
® Topic distillation
— The process of finding quality documents on a query topic

— Adapting to idioms of Web authorship and linking styles



Paid Placement Ranking

® Goto.com (— Overture.com — Yahoo!)
— Search ranking depended on how much you paid

— Auction for keywords: casino was expensive!

® Result: Google added paid-placement “ads” to the
side, independent of search results

— Yahoo follows suit, acquiring Overture (for paid
placement) and Inktomi (for search)



Web 2.0
® Web 2.0

— Human-centered, social value, participation & co-creation
® Explosive growth of multimedia data

® Huge incentives in search business

® Applications




What’s going on?

® More searches from mobile devices
® More data from users

® More integrated services for users
® From passive to active services

® More semantics from learning

® More Al-driven generation
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Wikipedia

https://en.wikipedia.org > wiki > Information_retrieval

Information retrieval - Wikipedia

Information retrieval (IR) in computing and information science is the task of identifying and

retrieving information system resources that are relevant to an information need. The...
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Information Retrieval is believed to
be the dominant form of
Information access. The IR system
assists the users in finding the
information they require but it does...
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What is the evaluation of an
information retrieval system?

The evaluation of an information
retrieval system' is the process of
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meets the information needs of

its users. In general, measurement...

Information retrieval - Wikipedia

W en.wikipedia.org

https://zh.wikipedia.org > wiki > (S8R %

SERE - 12BN, BHNENES

Eiia®R (3EE: Information Retrieval ) EMERBFRESRESERBREXNEREFRE

&, BRANET £X FEMETRENRSI.

TRf4BERERTR: 3 g

Where
inforn
This is
the foll
Manr >
Hinricn
Inform:

Introd

AN
fLe nip

BRRE

BfERMRRSA TR BN EMBEH..

\\%

FEMERD, ERFER—MRARSPOERER. HRTMEARL
—EHRCRES, STEREAERENERNY.

ganzes r2—mE8 R EERL Information Retrieval
System)WSEEH4E, REIEFRBGEHAZHEANERREEBNS
HFHREBBREMS.

&R ZE (Information Retrieval,IR)EF‘?%F&@%EEEHQEéﬁEE’\]

BHBERAT, nzeneRnErsR, APCERLS8ES
B EETXAT B S EBNIERBER 5 F R,

REREAM

0110 .

101011 A&
10010111 N
)0001100101
011001000110
100101100001

=il BRAESRE ERRG 'ma

Sistema de Informacion

UFORMACION

BREss|E

& EER - zh.wikipedia.org - pedia.cloud.edu.tw - ithelp.ithome.com.tw
IRE#ETR CC-BY-SA 21

BRRE O

HHERE

Q BERRAGREARER



@ O

IN
Vs

>

information retrieval

1InmiIITvVvitiiiUuiIviil 1w iulivvul

What is Information What is Information What is information
Retrieval? A... Retrieval? - Elastic retrieval? - IBM
X zilliz %e elastic 48v ibm

Iﬂﬂl Perplexity

vvo®O

+5 R

Information retrieval (IR) is a crucial field in computer science and information science
focused on the efficient extraction of relevant information from large collections of

unstructured or semi-structured data. This process is vital for various applications,

including web search engines, digital libraries, and information management systems.
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IR involves searching for, locating, and presenting information that matches a user's query
or information need. It operates on the principle that user queries are processed to B R +
identify relevant terms, which are then used to rank documents based on their relevance.
The significance of IR can be summarized by the following points: [pro =AY +

« Efficient Information Access: Enables quick retrieval of relevant data from vast
datasets.

* Personalization: Adapts search results based on user preferences and previous
interactions.

a Qaralahilihv Manahla Af mananina laraa valiimace Af Aiviarea ~antant inAlnidinAa tavt and



From World-Wide Web to Now

1989 Initiated at CERN
1990 Machine Learning (Data-driven)
1993 Mosaic (First GUI-based Brower)

Data Mining Tim Beers—Lee
1994 Mosaic Communications Corporation (Commercialized)
W3C, WWW (Standard)
Lycos Search Engine
Yahoo! Directory
1997 Deep Blue (Computer > Human: Chess (10'%2%))
1998 Web Structure Analysis (PageRank)

Pay-for-placement (Goto.com)



From World-Wide Web to Now (Cont.)

2001 Google (Getting noticed)
2004 Web 2.0 (Human-centered)
Web as Platform (Services)
Facebook
2008 Mobile Apps (Apple app store, Android market)
Fintech (Bitcon)
2012 Deep Learning (Big Data+GPU)
2016 AlphaGo (Computer > Human: Go (103¢%))
2017 Transformer (Self-Attention)
2020 GPT-3 (Text Generation)
2023 ChatGPT



The Problem of

Information Overload



Web Retrieval/Search

Information Seeking

. Search Engine
RS

Billions of Users




Without Search Engines
the Web Wouldn’t Scale

No incentive in creating content unless it can be easily found

Web is both a technology artifact and a social environment
— The Web has become the “new normal” in the way of life
— Those who don’t go online constitute an ever-shrinking minority

Search engines make aggregation of interest possible
— Create incentives for very specialized niche players
 Economical — specialized stores, providers, etc
* Social — narrow interests, specialized communities, etc

The acceptance of search interaction makes “unlimited
selection” stores possible

Search turned out to be the best mechanism for advertising
on the web



Information Retrieval

® Information retrieval (IR) deals with the

representation, storage, organization of, and access
to information items.

Converting information need

to information items
— Information need
full description, keyword-based query

— Information item

text documents (often unstructured), Web pages (semi-
structured), images, audios, videos, ....



Classic IR Goal

® Classic Relevance

— For each query Q and stored document D in a given corpus
assume there exists relevance Score(Q, D)

* Score is average over users U and contexts C

— Optimize Score(Q, D) as opposed to Score(Q, D, U, C)

— That is, usually:

* Contextignored <

e Individuals ignored e —— | Bad assumptions
in the web context

e Corpus predetermined




Web IR Goal

® Topical Relevance vs. User Relevance
— Optimize Score(Q, D, U, C) as opposed to Score(Q, D)
— That is, usually:

* Context: query session, clickthrough, location, time, ...

e Individuals: personalization, user-centered search, ...

e Corpus: dynamic, refresh rate, ...




The Niche of

Information Overload



Web Mining

Knowledge Discovery

. Search Engine

RSE

Millions of Users



Taxonomy of Web Mining [R. Cooley]

Web Content Mining (web page/text, search-result page, multimedia, tags, ...)
Web Usage Mining (query log analysis, user gap, community, ...)

Web Structure Mining (hyperlink, anchor text, web site, ...)

Social Network Mining (blog, wikipedia, email, instant messaging, ...)
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games 166781 0.03% 7943 0.36%
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Common Interests in Web Pages

Science & Technology.
. Healthcare Unknown Query terms: java, hardware
Arts & Huamanities Adult drivers, input software, cgi,
News & Media photoshop, computer virus,

Politics & Society shareware, ... etc.

Business & Finance

Games
ﬁiﬁgﬁs y Network Software
Travel S
Education
Search Engines Graph & Picture

Shopping

Recreation & Chat



Common Interests in Web Images

Society & Culture
Nations & Politics . \Humanities & Arts
Computers & Networks\ \Communlgatlons .
Life and Consumption | Business & Finance
Nature & Astronomy
Leisure & Sports “

Entertainment

Animals & Plants

Animation & Comic



Course Summary



Web Mining & Information Retrieval

Searching

Search
Englne

Mining

Information Needs Document Authority




Web Mining & Retrieval

A oL
R Uty
Vel Py

Ty v et

TN A e
D B A P
scd

) -
e b2

o AT
g

j\,._ R
e

i Ty dpdn et 01010100

Ao B
A ah ol

R . 5971001010108

';..;‘;1‘.." A}u-J." ?
PN w44 4 bt e
e e e T M ¢ iRy

4 5 -

4




Related Areas

Applications
Web, Law, Medicine,

Deep Learning
Machine Learning
Large Lang. Mode

Statistics
Optimization

Information
Retrieval

Natural
Language
Processing

Software engineering
Computer systems



Major Conferences

Al/Machine Learning
ICML, ICLR, NIPS
AAAIL IJCAI

Digital Library
JASIST, JCDL,

NLP
ACL, NAACL,
EMNLP

Software engineering
Computer systems



922 U3640

Web Retrieval and Mining
(Spring 2025)



Goal & Design

® Introduce “Web Search” and “Web Mining”

® Prepare students for doing research/development in
related fields

® Targeted at (senior) undergraduate students and
graduate students with computer science background



Schedule

® Part I: Information Retrieval

— Indexing & Query Optimization

— Retrieval Model & User Interaction
— Evaluation

— Link Analysis

— Machine Learning for IR

— Deep Learning for IR

® Part II: SIG Study

— Recommendation

— Opinion Mining, Sentiment Analysis (tentative)
— Information Extraction & Filtering (tentative)



Some Relevant NTU CISE Courses

® Information Retrieval

® Natural Language Processing
® Machine / Deep Learning

® Data Mining

® Social Network

® Statistical Artificial Intelligence



Format

® Handwritten Assignments (individual work)

® 2 Programming Assignments (individual work)

— Programming + Report
® Midterm Exam

® Final Project

— Team work (3~4 people, which depends on # of students)
— Programming

— Presentation & 4-pages Report

(including idea, literature review, method & experiment)



Grading

® Assignments: 50% (hand-written, programming)
® Midterm Exam: 20%
® Term Project: 30%



Readings

Introduction to Information Retrieval, by Christopher D. Manning, Prabhakar
Raghavan, and Hinrich Schuetze, (Selected Chapters) Available online!

Information retrieval : Implementing and Evaluating Search Engines, by
Stefan Biittcher, Charles L.A. Clarke, Gordon V. Cormack. (Selected Chapters)

Modern Information Retrieval, by Ricardo Baeza-Yates, Berthier Ribeiro-Neto.
(Selected Chapters)

Search Engines: Information Retrieval in Practice, by W. Bruce Croft, Donald
Metzler, Trevor Strohman. (Selected Chapters)

Mining the Web: Discovering Knowledge from Hypertext Data, by Soumen
Chakrabarti, Morgan Kaufmann. (Selected Chapters)

Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data, by Bing
Liu, Springer, 2006. (Selected Chapters) Available online!

Additional readings will be available online.



Questions?

Related Websites:
http://www.csie.ntu.edu.tw/~pjcheng/course/wm2025
NTU COOL (https://cool.ntu.edu.tw/courses/44637)

Office hours:
Tuesday 9:00am-11:00am, R220



Good Luck!



