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Motivation (1/2)

 Information Hierarchy
— Data
* The raw material of information
— Information

« Data organized and presented by
someone

— Knowledge

* |Information read, heard or seen and
understood

— Wisdom

 Distilled and integrated knowledge and
understanding

Knowledge

Information

Data

« Search and communication (of information) are by far
the most popular uses of the computer
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Motivation (2/2)

« User information need

— Find all docs containing information on college tennis
teams which:

(1) are maintained by a USA university and
(2) participate in the NCAA tournament

(3) National ranking in last three years and
contact information

! 2

Emphasis is on the retrieval of
ery information (not data)

Search engine/IR system
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Information Retrieval

 Information retrieval (IR) is the field concerned with the
structure, analysis, or organization, searching and
retrieval of information
— Defined by Gerard Salton, a pioneer and leading figure in IR

* Focus is on the user information need
— Information about a subject or topic
— Semantics is frequently loose
— Small errors are tolerated

« Handle natural language text (or free text) which is not
always well structured and could be semantically
ambiguous

IR — Berlin Chen 5



Data Retrieval

 Determine which document of a collection contain the
keywords in the user query

— Such documents are regarded as database records, such as a
bank account record or a flight reservation, consisting of
structural elements such as fields or attributes (e.g., account
number and current balance)

« Retrieve all objects (attributes) which satisfy clearly
defined conditions in a regular expression or a relational
algebra expression

— Which documents contain a set of keywords (attributes)
in some specific fields?

— Well defined semantics & structures
— A single erroneous object implies failure!
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IR system

 Interpret contents of information items (documents)

— Most of the information in such documents is in the form of text
which relatively unstructured

« (Generate a ranking (i.e., a ranked list of documents)
which reflects relevance

* Notion of relevance is most important
— Relevance judgment (using click-through data ?)
— The other important issues
* The vocabulary mismatch problem
» Evaluation of retrieval performance
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IR at the Center of the Stage

* IR In the last 20 years:
— Modelng, classification, clustering, filtering
— User interfaces and visualization
— Systems and languages

« WWW environment (90~)

— Universal repository of knowledge and culture
— Without frontiers: free universal access
— Lack of well-defined data model
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IR Main Issues

* The effective retrieval of relevant information affected by
— The user task

— Logical view of the documents
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The User Task

« Translate the information need into a query in the
language provided by the system
— A set of words conveying the semantics of the information need

 Browse the retrieved documents

[\

Retrieval

Pad
pd
N
3. Doc )
: Information Records
F1 racing Directions TOk BI'OWSIﬂg
Le Mans

Tourism in France
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Logical View of the Documents (1/2)

« Afull text view (representation)
— Represent document by its whole set of words
« Complete but higher computational cost

« Aset of index terms by a human subject
— Derived automatically or generated by a specialist
» Concise but may poor

* An intermediate representation with feasible text
operations
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Logical View of the Documents (2/2)

* Text operations
— Elimination of stop-words (e.g. articles, connectives, ...)
— The use of stemming (e.g. tense, ...)

— The identification of noun groups
— Compression ....

e Text structure (chapters, sections, ...)

y 7

N \\\

5 accents, ds o Noun t : ‘| Manual .
ocs spacing, |1 | StoPWOrds =™ aroups [ |semm|ng .| indexing |
etc. N ./
et R s e e
structure | Structure |/ text : : i
v v v v v v
structure Full text ---------—-""----------------m-mm oo > Index terms
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Different Views of the IR Problem

« Computer-centered (commercial perspective)
— Efficient indexing approaches
— High-performance matching ranking algorithms

« Human-centered (academic perceptive)
— Studies of user behaviors Library science
— Understanding of user needs psychology
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IR for Web and Digital Libraries

 Questions should be addressed
—  Still difficult to retrieve information relevant to user needs

— Quick response is becoming more and more a pressing factor
(Precision vs. Recall)

— The user interaction with the system (HCI, Human Computer
Interaction)

« Other concerns
— Security and privacy
—  Copyright and patent
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The Retrieval Process (1/2)

Text
_______________________________________ ‘! User p ex
r Interface
| 4,10
: user need l Text
|
| Text Operations
| 6.7
: l logical view logical view l
|
|
L o QUGW Indexing ¢ DB Manager
user feedback perations Module
5 8
query l inverted file l
Searching ¢ - ———————_____
8 N
retrieved docs
Text
) Database
——————————— Ranking
ranked docs ) ~_ @~
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The Retrieval Process (2/2)

* |n current retrieval systems
— Users almost never declare his information need

* Only a short queries composed few words
(typically fewer than 4 words)

— Users have no knowledge of the text or query operations

Poor formulated queries lead to poor retrieval |
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Major Topics (1/2)

 Four Main Topics

TEXT IR

Retrieval Models &
Evaluation

i

(

Improvements on
Retrieval

f

'

Efficient
Processing

;

"y

HUMAN-COMPUTER
INTERACTION FOR IR

Interfaces &
Visualization

1]

APPLICATIONS OF IR

SN

MULTIMEDIA IR

[Multimedia Modeling &

Searching

Bibliographic
Systems

™ The Web
7

[ Digital Lihrariesj

s A

Figure 1.4 Topics which compose the book and their relationships.
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Major Topics (2/2)

Text IR

— Retrieval models, evaluation methods, indexing

Human-Computer Interaction (HCI)
— Improved user interfaces and better data visualization tools

Multimedia IR

— Text, speech, audio and video contents
— Multidisciplinary approaches
— Can multimedia be treated in a unified manner?

Applications
— Web, bibliographic systems, digital libraries
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Textbook Topics
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Some Directions of Information Retrieval

Example of Content Example of Applications Examples of Tasks
Text Web search Ad hoc search
Images Vertical search Filtering

Video Enterprise search Classification
Scanned documents Desktop search Question answering
Audio (Speech) Peer-to-peer search

Music

* In the past, most technology for searching non-text document
relies on the descriptions of their content rather than the contents
themselves

« The need of “content-based” image/audio/music retrieval !

« Peer-to-peer search involves finding information in networks of
nodes or computers without any centralized control
IR — Berlin Chen 20



IR and Search Engines

Information Retrieval Search Engines
Performance
Relevance .
. . _ -Efficient search and
-Effective ranking indexing
Evaluation :> Incorporating new data
-Testing and measuring -Coverage and freshness
Information needs Scalability
-User interaction -Growing with data and users
Adaptability
-Tuning for applications
Specific problems
-e.g. Spam
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Text Information Retrieval (1/4)

* Internet searching engine

) | >
Spider
N P | Indexer
@ored Web Page

Repository

~ J,
’ﬁ S Queries
NN »|  Search
\ \/\)\/ [/ _ Ranked Docs Engine
-
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Text Information Retrieval (2/4)
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Text Information Retrieval (3/4)
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Text Information Retrieval (4/4)
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Speech Information Retrieval (1/4)
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Speech Information Retrieval (2/4)

 HP Research Group — Speechbot System

(Serv

ice is No Longer Available)

— Broadcast news speech recognition, Information retrieval, and
topic segmentation (SIGIR2001)

— Currently indexes 14,791 hours of content (2004/09/22,

http://speechbot.research.compag.com/)

hBot - Microsoft Internet Exploxe e ]
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Speech Information Retrieval (3/4)

« Speech Summarization and Retrieval
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Speech Information Retrieval (4/4)

« Speech Organization
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Visual Information Retrieval (1/4)

« Content-based approach
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Visual Information Retrieval (2/4)

Images with Texts (Metadata)
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Visual Information Retrieval (3/4)

Content-based Image Retrieval
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Visual Information Retrieval (4/4)

Video Analysis and Content Extraction
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Scenario for Multimedia information access

Multimodal
Interaction

ultimodal]

;

—

P

jlalogues
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Multimedia Document [ﬁ
Understanding and

Organization

. Multimedia Content
Processing
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Other IR-Related Tasks

Information filtering and routing
Term/Document categorization
Term/Document clustering
Document summarization
Information extraction

Question answering
— “What is the height of Mt. Everest?”

Crosslingual information retrieval
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Document Summarization

Audience

— Generic summarization

— User-focused summarization
* Query-focused summarization
» Topic-focused summarization

Function

— Indicative summarization
— Informative summarization
Extracts vs. abstracts

Sl WA W W WV 'l WA N W bl WA W W

— Extract: consists wholly of portions from the source

— Abstract: contains material which is not present in the source
Output modality

— Speech-to-text summarization

— Speech-to-speech summarization

Single vs. multiple documents
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Information Extraction

» E.g., Named-Entity Extraction

— NE has it origin from the Message Understanding Conferences
(MUC) sponsored by U.S. DARPA program

* Began in the 1990’s
 Aimed at extraction of information from text documents

« Extended to many other languages and spoken documents
(mainly broadcast news)

Person

— Common approaches to NE
» Rule-based approach
 Model-based approach Sentence
« Combined approach S=thiy.1;.1,

@zation

General Language
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Cross-lingual Information Retrieval

* E.g., Automatic Term Translation

— Discovering translations of unknown query terms in different
languages

— E.g., The Live Query Term Translation System (LiveTrans)
developed at Academia Sinica/by Dr. Chien Lee-Feng

3 Live Itans: Multilingnal Information & Terminology Exchange Center - Microsoft Internet Explorer
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Source Language: Target Language: @ Fast O Smart

Query/Translation Relevant Pages Relevant I
* Naticmal Palace FIngemm = = - -
w o | ey

mages
[Tless translation:] = """‘i-
* T Musenras: The Mational Palare Musenm: 70 Veis Young | -

MaChine— : [Gloss translation:]
naticnal palace Musenm |7, = p © 0 G b Musenm

Extracted [Gloss translation.]
. * Matiomal Palacf Musenr Exhikition

Translation [Glss transhsion]
* B E R

[Tz translation: national palace mvsenrn, ]

* ElRiarE Y i TR iR e -
T I [Gless translation: national palace musenm 10 prevent coltural welic to consere]
BESEREEIR  cmusesmmne s ss

[Tz translation: national palace mvsenmn president 51
* AL S I e e S T S I :
[(Floss translation: national palace rovsenmn cultns] melic st to supervise meins]

Automatic Translations:[F37
Dictionary Lookup:Unavailable!
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Multidisciplinary Approaches

- N

Natural Language Processing Multimedia Processing

Networking Machine Learning

Artificial Intelligence

4
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Resources

« Corpora (Speech/Language resources)

— Refer speech waveforms, machine-readable text, dictionaries,
thesauri as well as tools for processing them

 LDC - Linguistic Data Consortium

D ngn Dats

kplore

Ot - Q- [x @G Pue Jransz @ume @ 2~ o

N -
J

LD |@ hitp A lde openm ed o/

Horton AntiVims Q -

v|E)®E =% &) Costomize Links &) Free Hotmail

:l

53

|

-

Obtaining T Using T Providing T{.‘reating Data

About LDC Catalog

What's New! What's Free!

#*% Fisher Project participants can take part in
1 to 3 telephone calls for PAY!
Member Resources Page! The LDC has new and
improved resources for members and membership
info. Pleaze check it out!
Scientific American: Saving Dving Languages
(LDC's Steven Bird and Michasl Maxwell quoted)

LDC's 10th Anniversary!
Updated FAQs for hMembers. Nonhiembers and

for LDC Online.

Annotation Graphs - software infrastructure
for linguistic annotation.

SPH Convert - tools for converting audio
formats.

OLAC - Open Language Archives Community.

Transcriber - tool for segmenting, labeling and
transcribing spesch.

Endangered Languages - Steven Bird
appeinted to Committes on Endangersd Languages.

New Corpora
English Gigaword ~ 12 GB (over a billion
words) of normalized English newswire text
2000 Communicator Evaluation 62 hours of
audio data transeribed in ~3 17K words, uzed in

tha MW avrabiatinn of the Cammanicstor seniact

Linguistic Data Consortium

The Linguistic Data Consortium supports language-related education,
research and technology development by creating and sharing linguistic
resources: data, tools and standards.

The LDC has successfully moved to its new offices at:
3600 Market St

Suite 810

Philadelphia, PA 19104-2653

LD iz supported in part by grant IRI-53528587 from the Information and
Intellizent Swstems division and grant 5582201 from the Human Computer
Interaction Program of the National Science Foundation. LDNC's corpus

Projects l Papers 1 LDC Online i Search f Help l Contact Us l UPann l Homa

| ¥

£
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Contests (1/2)

« Text REtrieval Conference (TREC)

2} Text REtrieval Conference (TREC) Home Page - Microsoft Internet Explorer

@i O RNEG O frass @un @ 22 B - L
Ak @0 |@ htpftrec st gon V| #E-i SEAE @] Customdze Links 32

Norton AntVims Q -

I»

Text REtrieval Conference (TREC)

el enconrage research in information retrieval
Srom large text collections.

Overview

Other
Publications Evaluations
Information &i&% Frequently |
for Active R Asked
Participants %f Questions
Tracks Data
FPast TREC Contact
Results Information

el
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Contests (2/2)

« US National Institute of Standards and Technology

E - [z ]
"
Q- O NRAG LoeJranee @ -2 w- JRHOS
HEHED | &) hitp:ihwrwew nist govispeechitestfindese hm “ a@i g
Google |G~ viESEcD D -y SEy DRk, D HTHE -« (@ 053 O zEr lemowo T -
Conversational Telephone Recognition 1998 Speaker Detection & Tracking Development 2
N 2001 HUB-5 Evaluation Flan, multiple languages Evaluation - .
i gk 2000 HUB-5 Evaluation Plan, multiple languages 1998 Speaker Recognition Evaluation
1998 HUB-5 English Evaluation 1997 Speaker Recognition Evaluation
1997 HUB-5ME Evaluation 1996 Speaker Recognition Evaluation

1997 HUE-SE Evaluation

Information Extraction - Entity

Topic Detection and Tracking (TDT) Recognition:

General Information 2002 ACE-Evaluation

TDT 2004 Evaluation 2007 ACE-Evaluation

TDT 2003 Evaluation 2000 ACE - Evaluation

TOT 2002 Evaluation 1999 Information Extraction - Entity Recognition

TDT 2001 Evaluation Evalustion

TOT 2000 Evaluation

19939 TDT3 Evaluation

1998 TDTZ Evaluation Spoken Document Retrieval
2000 TREC Spaken Document Retrieval Track
Evaluation

Machine Translation gga;ﬁc Spaken Document Retrieval Track

General Infarmation 1998 TREC Spoken Document Retrieval Track
Evaluation
1997 TREC Spoken Document Retrieval Track v

O TR
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Conferences/Journals

« Conferences

— ACM Annual International Conference on Research and Development in
Information Retrieval (SIGIR )

— ACM Conference on Information Knowledge Management (CIKM)

« Journals
— ACM Transactions on Information Systems (TOIS)
— ACM Transactions on Asian Language Information Processing (TALIP)
— Information Processing and Management (IP&M)
— Journal of the American Society for Information Science (JASIS)
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Tentative Topic List

Course Overview & Introduction

Retrieval Madels ([} - Classic Retrieval Madels (Boolean, “ector Space and Probabilistic Models)

Fetrieval Performance Evaluation - Measures

Fetrieval Performance Evaluation - Collections

Retrieval Models {Il) - Improved Approaches (Fuzzy Set, Extended Boolean, Generalized Vector Space Models)

Cluery Operations (Query Expansion and Term Re-weighting)

Retrieval Models (V) - Language Models

Retrieval Models () - Learning to Rank

Clustering for Infarmation Retrieval

Classification for Information Retriewal

Efficient Indexing and Searching

Web Search Basics

Crosg-lingual Information Retrieval

spoken Document Recagnition, Retrieval and Summarizatian
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Grading (Tentative)

Midterm (or Final): 20%
Homework/Projects: 50%

Presentation: 20%
Attendance/Other: 10%

TA: sE4z3c fp &
— E-mail: cheese0613@gmail.com
— Tel: 29322411ext 208 (£ 1.%208=%)
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