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PURDUE Web

Department of Computer Science

* Web opened the door for many important applications

* Information Retrieval
— Web Search
— Information Recommendation by content or by collaborative information
* Web Services
Semantic Web
* Web 2.0
« XML
Social Network
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Why Information Retrieval:

Department of Computer Science

Information Overload:

“... The world produces between 1 and 2 exabytes (108 bytes) of unique information per year, which is
roughly 250 megabytes for every man, woman, and child on earth. ...“ (Lyman & Hal 03)

Hobbes' Internet Timeline Copyright ©2018 Robert H Zakon
https:/fwww.zakon.org/robert/internettimeline/
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PORDUE Why this course?

Department of Computer Science

* Managing Data is one of the primary uses of computers

* Most of this data is NOT contained in structured databases

— IDC estimates that by 2025, 80 percent of data will exist as
unstructured data - commonly appearing in e-mails, memos, notes
from call centers and support operations, news, user groups, chats,
reports, ... and Web pages.

— Text in Web pages or emails; image; audio; video; protein
sequences..
— Therefore, no carefully structured queries

 How do we find this?
Information Retrieval

© 2020 Christopher W. Clifton
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PIRRYE  Information Retrieval: Challenges

Department of Computer Science

* Data is unstructured

— Need to guess what is IFFpereRt
relevant

* Query is unstructured
— Need to guess user intent

« But computers don’t guess!

Inferring relevance and intent from data, query is the
science of Information Retrieval

2
PURDUE IR vs. RDBMS

Department of Computer Science

* Relational Database Management Systems (RDBMS):
— Semantics of each object are well defined
— Complex query languages (e.g., SQL)
— Exact retrieval for what you ask
— Emphasis on efficiency
 Information Retrieval (IR):
— Semantics of object are subjective, not well defined
— Usually simple query languages (e.g., natural language query)
— You should get what you want, even the query is bad
— Effectiveness is primary issue, although efficiency is important

© 2020 Christopher W. Clifton
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PORDYE IR and other disciplines
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x Theory
\

Machine Learnin\g\
Pattern Recognition\

Statistical Learning \

Natural Language
Processing

Library &

Image Info Science

Understanding
|
Extraction

Text Mining

2
Deep Analysis

B System Support
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PURDUE Some core concepts of IR
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| qg Information
{ e Need

Retrieval Model ‘—| Indexed Objects |‘
|

| Retrieved Objects |

Representation

| Returned Results |

S Evaluation/Feedback =~ D-----cmoiciiiioooo- ;
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PORDYE Some core concepts of IR
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Web Images Groups Mews Froogle Maps Scholar more »

. . . Advanced Search
GO (nge infarmation retrieval| system Search | o ences

Multiple Representation

Web Results 1- 10 of about 75,600,000
Information Retrieval|Systems

Information Retrieval Systems ... Okapi Pack - University of Massachusetts Center for
Intelligent Information Retrieval - Callan CMU IR Group ...
bit.csc lsu.edu/~kraft/retrieval.html - 38k - Cached - Similar pages

Past Performance Information Retrieval System

Welcome to the Past Performance Information Retrieval System (PPIRS). PPIRS is a web-

enabled, government-wide application that provides timely and pertinent ... «—__

why ppirs gow - 10k - Cached - Similar pages Text Summarizations
for retrieved results

Electronic Digital Information Source (EDIS)

EDIS is the Electronic Data Information Source of UF/IFAS Extension, a collection of
information on topics relevant to you: profitable and sustainable ...

edis.fas.ufl. edu/ - 26k - Cached - Similar pages

Information retrieval - Wikipedia, the free encyclopedia

Automated information retrieval (IR) systems were originally used to manage information
explosion in scientific literature in the last few decades. ...

enwikipedia. orgfwiki/nformation_retrieval - 44k - Jun 21, 2006 - Cached - Similar pages

27
PURDUE Some core concepts of IR

Department of Computer Science

Query Representation:
» Bridge lexical gap: system and systems; create and creating (stemmer)
» Bridge semantic gap: car and automobile (feedback)

Document Representation:

* Internal representation of document contents: a list of documents that
contain specific word (inverted document list)

» Representation of document structure: different fields (e.qg., title, body)

Retrieval Model:

« Algorithms that best match meaning of user query and available _
documents. (e.g., vector space model and statistical language modeling)

© 2020 Christopher W. Clifton



27 -
PORDYE IR Applications

Department of Computer Science
Information Retrieval: a gold mine of applications %\

<

* Web Search
+ Information Organization: text categorization; document clustering

» Information Extraction: deep analysis of the surface text data
* Question-Answering: find the answer directly

* Federated Search: explore hidden Web

« Multimedia Information Retrieval: image, video

+ Information Recommendation by content or by collaborative information

» Information Visualization: Let user understand the results in the best way

Department of Computer Science

News
Categories
i l Wéeb Images Groups MNews Froogle Maps more »  Advanced Hews Search
() L)g e [ Search Mews ] [ Search the Weh ]
News Search and browse 4,500 news sources updated continuously.
I Top Stories ScilTech
ad Global warming has been a popular topic among scientists
I u.s. - DailyTech -3 hours ago
I P 1] The Earth's average temperature over the past quarter century has heen the hottest in four
Eadhtimes.org  CeNturies — and part of the warld has been warmer during the past 25 years than any period
in the past 1,000 years, according to the Mational Acadermy of Sciences ...
I Sports MNational panel supports 93 glabal warming evidence Boston Globe
L Mo More Dodging Global Ternp Threat Detroit Free Press
I Entertainment Guardian Unlimited - Seattle Times - Reuters - Forbes - all 441 related »
I Health \ . .
World's oldest bling: two tiny 100,000-year-old shells
I Most Popular Guardian Unlimited -5 hours ago
They may not compare with today's diamond-encrusted bling, but in their own way, they are
4 Mews Alerts ica of far greater value. Two tiny shells have been confirmed as the world's oldest known items of
jeweellery, probably used on a necklace about 100,000 years ago.
RSS | Atom Tiny shells may be world's oldest beads MSNEC
About Feeds Researchers [dentify Yhat May Be Oldest Known Jewelry “oice of America
BBC Mews - Mew York Times - People's Daily Online - Telegraph.co.uk - all 79 related »
Mobile Mews

PRDUE IR Applications: Text Categorization
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FORDVE IR Applications: Text Categorization

A service of the National Library of Medicine

P u b ed and the National Institutes of Health

www.pubmed.gov

Department of Computer Science

Structure

Clear

Datab P d N

Search | Pubhed v |for Mutation of mutl in hereditary colon cancer

[1: Papadopoulos I et al. Mutation of 2 mutl. homolog in . [PMID: 8128251]

PHID- 8128251 Medical Subject Headings

ot - LK (Categories)
STAT- MEDLINE

DL - 19940413
TI - HMutation of a mutL
PG - 1825-9

LE - Sowe cases of

-

olog in hereditary colon cancer.

ereditary nonpolyposis colorectal cancer (HNPCC) are due to

1 A“ﬂtﬂl_ﬂY (Al s revealed three additional human mismatch repair genes, all related
;‘ g:f:::‘:'[’é?] O the bacterial mutl gene., One of these genes (WMLEL) resides on
4. [ Chemicals and Drugs [D] chromosowe 3pZl, within 1 centimorgan of markers previously linked to
5. B Analytical, Diagnostic and Thera cancer susceptibility in HNPCC kindreds. Mutations of hHLEL that would
6. ElPsychiatry and Psychology [F] i i
o Behavior and Behavior Mech: MH - imino Acid Sequence
o Psychological Phenomena and .
© Mental Disorders [F03] + MH - *Chrowosomes, Human, Pair 3
o Behavioral Disciplines and Ac MH - Codon
7. ElBiological Sciences [G] MH - Colorectal Neoplasms, Hereditary Nonpolyposis/ fgenetics
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PORDVE IR Applications: Document Clustering

Department of Computer Science

Web+ Images | Shopping | Wikipedia Customize!

|Ja\/a
(Clecator by: Top 265 results of at least 94,536,601 retrieved for the query Java (Details
All Results (265) News

Software {40}
Java Technology (25)
Java.net (28)
Download (22) java Errors Fixed Free ®

java errors all Fixed instantiy! Free download available Mow  diificnet

Free JSP Editor - Eclipse ®
BEAWiarkshop Studia for JSP, Struts JSF IDE, EJB3 - Dowrload naw!  wawn bea, corm

Sun offers Java heta release (vekoo! Mews) dua 24, 2008

Book (17)
Java Applets (18)

JavaSciipt (10 e
Vil ClID! 1. Java Technology & @

Indanesia, Island (8) Sun's home for Java. Offers Windows, Solaris, and Linwx Java Development Kits (JDKs

. § product information
Ubject. Upen Source )
b ectAlipenkSourcal) java.sun.com - [cache] - Ask, Gigahlast, MSMN, Wisenut
more | all clusters

2. Java programming languages & &
Jawva is an object-oriented programming language developed initiall
E ‘ colleagues at Sun Microsystems. Initially called Oak (named after

office), it was intended to replace C++, although the feature set bet
Java should not be confused with JavaScrint, which shares only the

Funtan Con hdisvasustnms eantle saintaine and iedaban Taun e
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FURDUE  |R Applications: Content Based Filtering

Department of Computer Science

GO‘\ nge “ Search the Web

Advanced news search

News U.5. editiony
Indiana Top Stories »
S ria Kllls 25 as UN Offlclals Consider Crackdown's Legali 2
World
us. [Updates with slatemems by Obama, Cameron, Merkel and Sarkozy and UN report starting in
5 first paragraph. See EXTRA and MET for more on the regional turmoil.
usiness RAW DATA: Background en Syria's Crackdown 7 Related
KeyWO rd Technology EU says Assad must step down, plans more sanctions Syria »
MatCh|ng Entertainment From Syria: Diplomatic Pressure on Syria Da; Bashar al-Assad »
Opmmn Whylhe US should speak out for freedom in Syna Latakia »
Sports
Science
Health

China IT Technalogies

Spatlight

Global stock markets plunged anew Thursday amid intensifying concerns about Europe's debt
crisis and a batch of disheartening economic reports in the United States.

47
PURDUE  |R Applications: Collaborative Filtering

Department of Computer Science

Introduction to Information Retrieval [Hardcover]
Christopher D. Manning ¥ (Author), Prabhakar Raahavan [+l (Author), Hinrich Schiitze [v] (Author

Fofedofolt [ (14 customer revievs) | ] Like | (6)

Click 10 LOOK INSIDE!

List Price: $64-00
price: $51,50 & this item ships for FREE with Super Saver Shipping. Details
You Save: $12.50 (20%)
Special Offers Available
In Stock.

Ships from and sold by Amazon.com. Gift-wrap available.

Want it delivered Friday, August 192 Order it in the next 6 hours and 54 minutes, and choos:
checkout. Details

35 new from $48.00 32 used from $44.00

FREE Two-Day Shipping for Students. Learn more

Customers Who Bought This Item Also Bought

o msE! ol OOK INSIDE!

p

Other Customers :

with similar tastes Foundations of Algorithms of the The Elements of Speech and Language
Statistical Natural Intelligent Web by Statistical Learning: Processing (2nd Edition)
Lang... by Christepher D. Haralambos Marmanis Data Minin... by Trever by Daniel Jurafsky
Manning Yodedoders (12) Hastie Fedododedy (27)
Folododod (13) $24.74 Folodede oy (45) $101.17
$56.69 $59.00
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FURDUE IR Applications: Information Extraction

Department of Computer Science
Bring structure and semantic meaning to text:
e Entity detection

An 80-year-old woman with diabetes mellitus was treated with . Prior to the
administration, her urinary excretion of albumin, serum urea nitrogen and

serum creatinine were normal. After the medication, oliguria, edema and azotemia

developed. On the twenty-fourth day when the edema was severe and generalized,
administration was terminated.

Diabetes: entity of disease
e Recognize Relationship between entities

What type of effect of gliclazide on this patient with diabetes

e Inference based on the relationship between entities

Inherited Disease —* Gene ——> Chemical

Drug discovery

2
PRDVE IR Applications: Question Answering

Department of Computer Science

/ Wb - Images - Mews - Shopping - More »
|wh0 is the president of united state in 1972 | [ Search Advanced Search

Biography of Richand M. Mixon, the thirty-seventh President of the United States (1962-1974).

Direct Ansﬁr'to'ob wew whitehouse. gowhistory/presidents/m37 html - Cached - Save

Question Biography of Harry S Truman
Biography of Harry 5. Truman, the thirty-third President of the United States (1945-1953).
@Bo vwiew whitehouse. gowhistory/presidents/ht33 html - Cached - Save
More Results from www whitehouse. gov

President Elect - 1972

This site makes useof cascading style sheets If you're reading thisyou need to eitherupgrade your browser ormake sure
Home State: PR: MY, .

Bo vewrwr. presidentelect. org/e 1972 html - Cached - Save
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PORDUE IR Applications: Web Search
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Web Images Groups Mews Froogle Maps  Scholar more »

GO L)gle |CDmputEr Science at Purdue |[ Search ';M

Web Results 1- 10 of about 8,830,000

Department of Computer Science, Purdue University
Dr. Williarm Gorman, Purdue Computer Science’s Assistant to the Department Head, was

honored with a serice awar Purdue Co-Op office. .. .
oo, 5 purdue. edu/ - 13k | Cached | Similar pages Crawled into a

centralized database

Cs Topic Generator
Computer Science is facing a major roadblock to further rea€arch. The problem is rmost
evident with students, but afflicts many researchers as well: people ...

wrwy. © 5. purdue. edufhormes/dec/essay topic. genepat@r html - Bk - Cached - Similar parges
| Mare results from www. o= purdue. edu |

Department of Computer and Information Science :: [LUPLI

School of Science - IUPUI Main Page Purdue University - Indiana University ... Certificate of
Applied Computer Sciepce for th eral Arts Major ...

i, C5. UpUl eduf - 9k - [Cached|- Similar pages

ETCS -The School of Engineering Technology and Computer Science
Computer Labs - Contact ETCS - The College of ETCS wing Berger Award - IPFW
Engineering Commercial - Quicktime Farmat ...

weorwy. etog. ipfe edus - 19k - Cached - Similar pages
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PRRVE IR Applications: Federated Search
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PURDUE

LIBRARIES .. 7=

National Tg ’ ] . . q a A : Weekly Report
Home | Libraries and Units | Collections | Library Services | Research Help | About the Libraries’ TSR

nited States

L)JN 1T Accounting Office
" PATE! Links Articles
wxax |RAC

Search th MY Library Account

w/

» Interlibrary Loan (ILL) Do 2 quick search for journal articles and boaks using Megazearch, r osmolog_v
U.S. Departmig &3k a Librarian
M Enter search keywords and select 2 category
» Course Reserves ;
. @ General O Arts + Humanities O Business + Economics roject
» Library Hours - ife 5ci
- Engineering + Tech. O Government + Law O Life Sciences
Libraries at Purcue O Medicine + Health O Physical Sciences O Social Sciences
USDA » Contact Us 8
= Purdue Career Account needed to search this resource from off-campus,
i
for the National Digital Library o v MIUILMIUIUE) vl A
Protein
Valuable == Searched by Federated Search é"terﬁd"’“
earch:
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PORDVE IR Applications: Expertise Search

Department of Computer Science

INDURE: Indiana database of university research expertise

www.indure.org

Filter By Institution v

Faculty and Admin, login v

Advanced Search Research Areas Facul

Welcome to INDURE
Indiana Database of University Research
Expertise

Wersion 1.0 August 15th, 2008

W may tse TNOURF o search for
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FURDUE IR Applications: Citation/Link Analysis
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FORRVE IR Applications: Citation/Link Analysis
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2457 citations{found. Only retrieving 1000 documents.

Dempster, A.P., Laird, N.M., & Rubin, 0. Maximum-likelihood from incomplete data via the EM algorithm. Journal of the Ro

39. di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V., & Rizzolati, G. (1992). Understanding motor events: A neurophysic
Research, 91, 176--180.

cmseer Home/Search  Document Mot in Database Summary Related Articles Check

i U Bl Uty

Citation/Link  This paper is cited in the following contexts;
importance
First 50 docurnents Mext 50

A Probabiligtic Model of Gaze Imitation and Shared Attention - Matthew Hofman David - (Correct)

Mo context faund

Dempster, AP., Laird, MM, & Rubin, D. Maximum-ikelhood from incomplete data wa the EM aigorithm. Joumal of the Rayal Statisti

Pellegring, G., Fadiga, L., Fogassi, L., Gallese, V., & Rizzolati, G. (1992). Understanding mator everts: A neurophysiological study. E
176-180

Latent Variable Models for Semantic Orientations of Phrases - Hiroya Takamura Takamura 2008) (Correct)

2
PORDVE IR Applications: Multimedia Retrieval

Department of Computer Science

Query Color Histogram

; q Wavelet...

Feature

Extraction \

Retrieval

Pictures
Feature
Extraction

© 2020 Christopher W. Clifton
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FURDUE IR Applications: Information Visualization
Department of Computer Science
i Mapuccino Map (search string was: XML)
J_| File Lawyout “iew Operations Fetch Help
ﬁ | I Tiem re
Lzl
v
eeeeee
!
. h -
[vadarmir 0 Applet Window
Partial Structure of pages from a Web subset visualized by Mapuccino
PURDUE

Course Goals

+ Learn the techniques behind Web search engines, E-
commerce recommendation systems, etc.

» Get hands on project experience by developing real-world
applications, such as building a small-scale Web search

engine, a Web page management system, or a movie

recommendation system.

» Learn tools and techniques to do research in the area of
information retrieval or text mining.

* Lead to the amazing job opportunities in Search Technology
and E-commerce companies such as Google, Microsoft,
Yahoo! and Amazon.

© 2020 Christopher W. Clifton
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PORDUE Logistics

Department of Computer Science

¢ Time and location: MWF 1:30-2:20, KRAN G016
— Live remote attendance via WebEx (link found in Brightspace)
— Lectures recorded and available in Mediaspace (link also found in Brightspace)
¢ Instructor: Chris Clifton, cliffton@cs.purdue.edu
LWSN 2116E, office hours: TBD
* Teaching assistants:
— Xiaoni Duan, duan79@purdue.edu

— Kendal G. Norman, normanl7@purdue.edu
— Md. Masudur Rahman, rahman64@purdue.edu
— Kaiyuan Zhang, zhan4057 @purdue.edu
« Office hours: times TBD, will be on WebEx or Zoom, some also in person
* Webpage: http://www.cs.purdue.edu/~clifton/cs47300/
* Email list: fall-2020-cs-47300-???@lists.purdue.edu
— Goes to your @purdue.edu email, make sure you get this, as it contains critical announcements.
» Discussion forum: Piazza? Brightspace? Others?
» Prerequisites: CS25100. Having had a Stat course (e.g., STAT 35000) will help.

2 _
PORDUE Readings

Department of Computer Science

» Search Engines: Information Retrieval in
Practice, Croft, Metzler, and Strohman, ;
Pearson, 2010. Available as a PDF: Search Engines '
ciir.cs.umass.edu/downloads/SEIRiP.pdf Information Retrieval

in Practice

* Recommended:
Introduction to Information Retrieval, , | {
Manning, Raghavan, and Schuze,
Cambridge University Press, 2008.

Christopher D. Manaing
Prabhakar Raghavan
Hinrich Schitze

Introduction to

© 2020 Christopher W. Clifton
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PURDUE Workload

Department of Computer Science

* Homeworks
— 4-5 written assignments
— 2-3 more substantial programming projects
— Late policy: 15% off per day late, maximum of 5 days

— Five extension days to be used at your discretion
* No fractional days
* May not be used to extend submission past last day of class.
 Late penalties will not be applied until the end of the semester
— Late days will be applied to your best advantage

* Exams
— Midterms (2) and final exam

7 7 PURDUE | smenttcommersens

UNIVERSITY

CS47300: Web Information Search
and Management

Prof. Chris Clifton
26 August 2020

Material adapted from course created by
Dr. Luo Si, now leads research group at Alibaba
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Systems
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PORDYE Review of Monday:

Department of Computer Science

» Core concepts of information retrieval

— Query representation; document representation; retrieval model,
evaluation

» Applications of information retrieval

— Web Search; Text Categorization; Document Clustering; Information
Recommendation; Information Extraction; Question Answering.....

» Grade Policy

— Assignments: 40%; Midterms 24%, Final Exam: 26%; Class
attendance: 10%

PURDUE Administrivia

» Brightspace is now available
— Links to lecture recordings, Piazza, Gradescope-and-iClickerregistration
— And not much else yet

* Piazza is active
— https://piazza.com/purdue/fall2020/wl202110cs47300lel

— Or you can access through Brightspace (you may need to access through Brightspace
the first time)

+ Office Hours for Prof. Clifton:

— Thursday 8:30-10, WebEXx (see course web page for link)

— In person LWSN 2116E by appointment — send a few times that work for you
» TA office hours TBD, will initially be WebEx and Zoom

— See course web page for links

— Department is still working on office assignments, for now all will be online

a4

© 2020 Christopher W. Clifton
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PORDYE Basic Concepts of IR: Outline

Department of Computer Science

Basic Concepts of Information Retrieval:
» Task definition of Ad-hoc IR
— Terminologies and concepts
— Overview of retrieval models
» Text representation
— Indexing
— Text preprocessing
» Evaluation
— Evaluation methodology
— Evaluation metrics

a5

PORDUE Ad-hoc IR: Terminologies
Terminologies:
* Query
— Re%resentative data of user’s information need: text (default) and other
media

« Document

- Datg_ candidate to satisfy user’s information need: text (default) and other
media

« Database|Collection|Corpus
— A set of documents
« Corpora
— A set of databases
— Valuable corpora from TREC (Text Retrieval Evaluation Conference)

© 2020 Christopher W. Clifton
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PURDUE Ad-hoc IR: Introduction

Department of Computer Science

* Ad-hoc Information Retrieval:

» Search a collection of documents to find relevant
documents that satisfy different information needs (i.e.,
gueries)

« Example: Web search

Web |mages Groups News Froogle Maps Scholar

GO L)g[e information retrieval conference %
Web Results 1- 10 of about 27,0004

SIGIR: Information Retrieval

"Addresses issues ranging from theory to user demands in the application of computers to
acguisition,

it ACM.0rg/sigirf - 7k - Cached - Similar pages

Information Retrieval Conferences

August 6-11, 2006: 29th Annual International ACM SIGIR Conference on Research and 47
Development in Information Retrieval (SIGIR), Seattle, Washington, USA ...
w13 informatik. uni-duisburg. deffgirconferences/ - 20k - Cached - Similar pages

a5

PURDUE Ad-hoc IR: Introduction

Department of Computer Science

Ad-hoc Information Retrieval:

() Search]a collection of documents\to find relevant documents that
satisfy differerYt information needs (i.e., queries)

Relatively
Stable Changes

» Queries are created and used dynamically; change fast

» “Ad-hoc”: formed or used for specific or immediate problems or
needs” — Merriam-Webster’s collegiate Dictionary

Ad-hoc IR vs. Filtering

e Filtering: Queries are stable (e.g., Asian High-Tech) while the
collection changes (e.g., news)

e More for filtering in later lectures

© 2020 Christopher W. Clifton
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PORDYE Content Based Filtering

Department of Computer Science
Information Needs are Stable

System should make a delivery decision on the fly when a
document “arrives”

User Profile: Asian High-Tech

Fitering |y £ || £ || £
System — = =

PURDUE AD-hoc IR: Basic Process

Department of Computer Science

. ? Information
Need

'
Representation Representation
Retrieval Model ‘—| Indexed Objects |‘

| Retrieved Objects |

JE— Evaluation/Feedback > ;

© 2020 Christopher W. Clifton
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PURDUE AD-hoc IR:

UNIVERSITY

Overview of Retrieval Models
Retrieval Models
e Boolean
e Vector space
» Basic vector space SMART, LUCENE
» Extended Boolean 2
e Probabilistic models LEMUR
» Statistical language models Lemur Project (Indri, Galago)
» Two Poisson model Okapi
» Bayesian inference networks Inquery
e Citation/Link analysis models
» Page rank Google
» Hub & authorities Clever
27 .
PURDUE | AD hocllR.
Overview of Retrieval Models

Purpose of the Retrieval Model
Determine whether a document is relevant to query
* Relevance is difficult to define
— Varies by judgers
— Varies by context (i.e., jointly by a set of documents and queries)
 Different retrieval methods estimate relevance differently
— Word occurrence of document and query

— In probabilistic framework, P(query|document) or
P(Relevant|query,document)

— Estimate semantic consistency between query and document

52
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PORDYE Types of Retrieval Models

Department of Computer Science

« Exact Match (Document Selection)
— Example: Boolean Retrieval Method
— Query defines the exact retrieval criterion

— Relevance is a binary variable; a document is either relevant (i.e.,
match query) or irrelevant (i.e., mismatch)

— Result is a set of documents
e Documents are unordered
» Often in reverse-chronological order (e.g., Pubmed)

T Return @
O 22 Dl t
- Match
- 4+ ++

27
PORDUE Types of Retrieval Models

Department of Computer Science

» Best Match (Document Ranking)
— Example: Most probabilistic models
— Query describes the desired retrieval criterion

— Degree of relevance is a continuous/integral variable;
each document matches query to some degree

— Result in a ranked list ( top ones match better)
» Often return a partial list (e.g., rank threshold)

— Doc10.99 +
— - — Best Return Doc2 0.90 +
O - @ —— | Doc3085 +
- Match
- 4+ *t+ Doc4 0.82 -

Doc50.81 +
Doc6 0.79 -

<+<— Rank
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27
PORDYE Types of Retrieval Models

Department of Computer Science

» Exact Match (Selection) vs. Best Match (Ranking)

» Best Match is usually more accurate/effective

— Do not need precise query; representative query generates good
results

— Users have control to explore the rank list: view more if need every
piece; view less if need one or two most relevant

» Exact Match

— Hard to define the precise query; too strict (terms are too specific) or
too coarse (terms are too general)

— Users have no control over the returned results
— Still prevalent in some markets (e.g., legal retrieval)

27
PURDUE AD-hoc IR: Basic Process

Department of Computer Science

= ? Information
Need

'
Representation Representation
Retrieval Model ‘—| Indexed Objects |‘“

| Retrieved Objects |

O Evaluation/Feedback R ETERE TR
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PORDVE  Text Representation: What you see

Department of Computer Science
It never leaves my side, April 6, 2002

Reviewer:"dage456" (Carmichael, CA USA) - See all my reviewslt fits in the palm
of your hand and is the size of a deflated wallet (wonder where the money went).
I have had my ipod now for 4 months and cannot imagine how | used to get by
with my old rio 600 with is 64 megs of ram and.. usb connection. Because of its
size this little machine goes with my everywhere and its ten hour battery life
means | can listen to stuff all day long.

Pros: size, both physical and capacity.
design: It looks beautiful
controls: simple and very easy to use
connection: FIREWIRE!!

Cons: needs the ability to bookmark. | use my ipod mostly for audiobooks. the
ipod needs to include a bookmark feature for those like me.

From Amazon Customer Review of IPod

PUR%JE Text Representation: What computer
sees

UNIVERSITY

Department of Computer Science

<table><tr><td valign="top">
Reviewer:</td>

<td><a href="http://www.amazon.com/exec/obidos/tg/cm/member-glance/-
IAJF9GIKJIBUGNX/1/ref=cm_cr_auth/002-1193904-04688307?%5Fencoding=UTF8"><span
style =" font-weight: bold;">"dage456" </span></a> (Carmichael, CA USA) - <a
href="http://www.amazon.com/gp/cdp/member-
reviews/AJFOGIKJIBUGNX/ref=cm_cr_auth/002-1193904-0468830?ie=UTF8*“>

See all my reviews</a></td></tr></table>lt fits in the palm of your hand and is the size of
a deflated wallet (wonder where the money went). <p>l have had my ipod now for 4
months and cannot imagine how | used to get by with my old rio 600 with is 64 megs of
ram and.. usb connection. Because of its size this little machine goes with my
everywhere and its ten hour battery life means | can listen to stuff all day long.<p>Pros:
size, both physical and capacity.<br>design: It looks beautiful<br>controls: simple and
very easy to use<p>connection: FIREWIRE!!<p>Cons: needs the ability to bookmark. |
use my ipod mostly for audiobooks. the ipod needs to include a bookmark feature for
those like me.<br /><br />

From Amazon Customer Review of IPod
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27
PORDVE  Text Representation: TREC Format

Department of Computer Science

<DOC>
<DOCNO> AP900101-0001 </DOCNO>
<FILEID>AP-NR-01-01-90 2345EDT</FILEID>
<FIRST>r i PM-Iran-Population Bjt 01-01 0777</FIRST>
<SECOND>PM-Iran-Population, Bjt,0800</SECOND>
<HEAD>Iran Moves To Curb A Baby Boom That Threatens Its Economic
Future</HEAD>
<HEAD>An AP Extra</HEAD>
<BYLINE>By ED BLANCHE</BYLINE>
<BYLINE>Associated Press Writer</BYLINE>
<DATELINE>NICOSIA, Cyprus (AP) </DATELINE>
<TEXT>
Iran's government is intensifying a birth
control program _ despite opposition from radicals _ because the
country's fast-growing population is imposing strains on a
struggling economy.
<[TEXT>
</DOC>

27
PORDUE Text Representation: Indexing

Department of Computer Science

* Indexing
— Associate document/query with a set of keys
* Manual or human Indexing

— Indexers assign keywords or key concepts (e.qg., libraries, Medline,
Yahoo!); often small vocabulary

— Significant human efforts, may not be thorough

« Automatic Indexing

— Index program assigns words, phrases or other features; often large
vocabulary

— No human effort =» low cost

© 2020 Christopher W. Clifton
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PORDYE Text Representation: Indexing

Department of Computer Science

Controlled Vocabulary vs. Full Text

» Controlled Vocabulary Indexing
— Assign words from a small vocabulary or a node from an ontology
— Often manually but can be done by learning algorithms

* Full Indexing:
— Often index with an uncontrolled vocabulary of full text

— Automatically while good algorithm can generate more
representative keywords/ key concepts

2
PURDUE Text Representation: Indexing

UNIVERSITY
Controlled Vocabulary

Department of Computer Science

Mutation of a mutL homolog in hereditary colon cancer.

Papadopoulos N, Nicolaides NC, Wei YF, Ruben SM, Carter KC, Rosen CA, Haseltine
WA, Fleischmann RD, Fraser CM, Adams MD, et al.

Johns Hopkins Oncology Center, Baltimore, MD 21231.

Some cases of hereditary nonpolyposis colorectal cancer (HNPCC) are due to alterations
in a mutS-related mismatch repair gene. A search of a large database of expressed
sequence tags derived from random complementary DNA clones revealed three additional
human mismatch repair genes, all related to the bacterial mutL gene. One of these genes
(hMLH1) resides on chromosome 3p21, within 1 centimorgan of markers previously linked
to cancer susceptibility in HNPCC kindreds. Mutations of hMLH1 that would disrupt the
gene product were identified in such kindreds, demonstrating that this gene is responsible
for the disease. These results suggest that defects in any of several mismatch repair genes
can cause HNPCC.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Adams+MD%22%5bAuthor%5d
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PURDUE

UNIVERSITY

Department of Computer Science

LR

T I T Y e

. Chemicals and Diugs [D]

Text Representation: Indexing

Controlled Vocabulary

MeSH Tree Structures

. Anatomy [A]
. B Organisms [B]
. ElDiseases [(]

o Bacterial Infections and Mycoses [CO1] -

o Vius Diseases [C02] +

o Parasitic Thseases [C03] + I

o Neoplasms [C04] + Hesplasms by Stte

o Musculoskeletal Diseases [C05] + Digestive System Neoplasms

. B . - er ! Gastreintestinal Neoplasms
o Dhgestive Svstem Diseases [C06] +

Intestinal Neoplasms
Colorectal Meoplasms
Colorectal Neoplasms, Hereditary Nonpolyposis

[ Analytical, Diagnostic and Therapeutic T:
[ Psychiatry and Psychelogy [F]
[# Biological Sciences [G]

. E Physical Sciences [H]

a5

PURDUE

UNIVERSITY

Department of Computer Science

TI

MH
MH
MH
MH
MH
MH
MH
MH
MH
MH
MH

FMID-

Text Representation: Indexing
Controlled Vocabulary

2128251
Mutation of a wutl homwolog in hereditary colon cancer.

*hdenosinetriphosphatase

Amino Acid Jedquence

Bacterial Proteins/chemistry/ *genetics
Base 3Zedquence

Carrier Proteins=

Chromosome Mapping

*Chromosomes, Human, Pair 3

Cod

Colofectal Neoplasws, Hereditary MNonpolyposiss fgenetics
*DMNAL Repair

*DNA-BEinding Proteins
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PURDUE Text Representation: Indexing

UNIVERSITY

Controlled Vocabulary

» Pros and cons of controlled vocabulary indexing

» Advantages

— Many ();lvailable vocabularies/ontologies (e.g., MeSH, Open Directory,
UMLS

— Normalization of indexing terms: less vocabulary mismatch, more
consistent semantics

— Easy to use by RDBMS (e.g., semantic Web)
— Support concept based retrieval and browsing
» Disadvantages
— Substantial efforts to be assigned manually
— Inconvenient for users not familiar with the controlled vocabulary
— Coarse representation of semantic meaning

a5

PURDUE Text Representation: Indexing
Full Text Indexing

Full text Indexing: index all text with uncontrolled vocabulary
» Advantages
— (Possibly) Keep all the information within the text
— Often no human efforts; easy to build
» Disadvantages
— Difficult to cross vocabulary gap (e.g., “cancer” in query, “neoplasm” in document)
— Large storage space

Department of Computer Science

How to build full text Index:

« What are the candidates in the word vocabulary? Are they effective to
represent semantic meanings

» How to bridge small vocabulary gap (e.g., car and cars)

© 2020 Christopher W. Clifton
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PURDUE Text _Re_presentatlo_n. Indexing
Statistical Properties of Text
Word Frequency Word Frequency
the 1130021 market 52110
of 547311 bank 47940
to 516636 stock 47401
a 464736 trade 47310
in 390819
and 387703
Statistics collected from Wall Street Journal (WSJ), 1987
PURDUE Text Representation: Indexing
DepartmentofComputer cience Statistical Properties of Text
100000
10000 -
o
Term 1000
Frequency I

1 1
100 1000

Term Rank

L
10000 100000
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PURDUE Text Representation: Indexing
Statistical Properties of Text

Department of Computer Science

* Observations from language/corpus independent features

A few words occur very frequently (High Peak)

— Top 2 words: 8%-15% (e.g., words that carry no semantic meanings
like “the”, “t0”)

Most words occur rarely (Heavy Tail)

Representative words often in the middle
— e.g., market and stock for WSJ

Rules formally describe word occurrence patterns: Zipf's law,

Heaps’ Law
E Text Representation: Indexin
PURDUE pr on. g
UNIVERSITY Statistical Properties of Text

Department of Computer Science

Zipf's law: relate a term’s frequency to its rank

e Rank all terms with their frequencies in descending order, for a
term at a specific rank (e.g., r) collects and calculates

f

—_Tr .
fr : term frequency p, = . :relative term frequency

Total number of words

e Zipf's law (by observation):
p,=A/r A=0.1
So p, =%=é = rf, = AN = log(r) =—log(f,)+log(AN)

So Rank X Frequency = Constant

© 2020 Christopher W. Clifton
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PURDUE

UNIVERSITY

Text Representation:
Text Preprocessing

» Text Preprocessing: extract representative index terms
» Parse query/document for useful structure

— E.g., title, anchor text, link, tag in xml.....
» Tokenization

— For most western languages, words separated by spaces; deal with punctuation,
capitalization, hyphenation

— For Chinese, Japanese: more complex word segmentation...
* Remove stopwords: (remove “the”, “is”,..., existing standard list)
* Morphological analysis (e.g., stemming):

— Stemming: determine stem form of given inflected forms

« Other: extract phrases; decompounding for some European languages
rorelseuppskattningssokningsintervallsinstallningar

Department of Computer Science

a5

PURDUE

UNIVERSITY

Text Representation:
Text Preprocessing

Department of Computer Science

4 the 1 at 1 different 1 may 1 step

3 and 1 basal 1 exchange 1 nontareet | 1 substance
3 by 1 be 1 exogenous 1 not 1 suggests
Jeteroids | 1 been 1 fluorescent 1 may 1 target

2 centrioles | 1 bodies 1 from 1 of 1 technique
1 1 can 1 growth 1 precise 1 two

1 affect 1 at 1 has Lreceptor | 1 unexpected
1 already 1 eell 1 identity Lreglartly | 1witally

1 Although | 1 cells 1 level 1 reveal 1 way

1 antibodies | 1 cilia-bearmg | 1 localization | 1 Specific 1 with

24 stopwords out of total 61 words

© 2020 Christopher W. Clifton
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PURDUE

UNIVERSITY

Department of Computer Science

steroids

The simplest text representation: “bag of words”

e Query/document: a bag that contains words in it
e Order among words is ignored

Text Representation: Bag of Words

3 steroids 1 clia-bearing | 1 precise 1 two
) substance 97OV 2 gentrioles | 1 different 1 receptor 1 unexpected
centrioles e 1 affect 1 exchange 1 regularly 1 vitally
______ steroids 1 already 1 exogenous 1 reveal 1 way
exchange 1 Although | 1 fluorescent 1 Specific
_______ nontarget 1 antibodies | 1 growth 1 step
step 1 basal 1 identity 1 substance
bodies  two 1 bodies 1 level 1 suggests
Teell 1 localization 1 target
precise ... 1 cells 1 nontarget 1 teclmque

a5

PURDUE

UNIVERSITY

Text Representation: Phrases

Department of Computer Science

+ Single word/stem indexing may not be sufficient
— e.g., “hit a home run yesterday”

* More complicated indexing includes phrases (thesaurus
classes)

» How to automatically identify phrases
— Dictionary

— Find the most common N word phrases by corpus statistics (be
careful of stopwords)

— Syntactic analysis, houn phrases

— More sophisticated segmentation algorithm like “Hidden Markov
Model”

© 2020 Christopher W. Clifton
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PORDUE - Text Representation: Word Stemming

Department of Computer Science

* Word Stemming

» Associate morphological variants of words into a single form
— E.g., plurals, adverbs, inflected word forms
— May lose the precise meaning of a word

« Different types of stemming algorithms
— Rule-based systems: Porter Stemmer, Krovetz Stemmer
—  Porter Stemmer Example: describe/describes -> describ
— Statistical method: Corpus-based stemming

27
PORDUE - Text Representation: Word Stemming

Department of Computer Science

Porter Stemmer
« Based on a pattern of vowel-consonant sequence
- [Cl(VC)M[V], m is an integer
* Rules are divided into steps and examined in sequence
— Step la:ies2>i;s 2 ; ...
* cares - care
— Step 1b: if m>0 eed > ee
» agreed > agree
— ... Step 5a, Step 5b
» Pretty aggressive:
— nativity - native
77
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PORDUE - Text Representation: Word Stemming

K Stemmer: based on morphological rules
« |f word occurs in a dictionary, do not stem it

 For all other words
— Remove inflectional endings: plurals to singular; past tense to
present tense; remove “ing”

— Remove derivational endings by a sequence of rules: may
make mistake when suffixes indicate different meanings like
“sign” to “signify”

27
PORDUE - Text Representation: Word Stemming

Examples of Stemming:

» Original Text:

— Information retrieval deals with the representation, storage,
organization of, and access to information items

» Porter Stemmer (Stopwords removed):

— Online example:
http://facweb.cs.depaul.edu/mobasher/classes/csc575/porter.html

— Inform retrieve deal represent storag organ access inform item

© 2020 Christopher W. Clifton
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27
PORDUE - Text Representation: Word Stemming

Department of Computer Science

Problems with Rule-based Stemming

» Rule-based stemming may be too aggressive
— e.g., execute/executive, university/universe

» Rule-based stemming may be too conservative
— e.g., European/Europe, matrices/matrix

« Difficult to understand the meaning the stems
— e.g., lteration/iter, general/gener

27
PORDUE - Text Representation: Word Stemming

Department of Computer Science

Corpus-Based Stemming

» Hypothesis: Word variants that should be considered
equally often co-occur in documents (passages or text
windows) in the corpus

— Collect the statistics of co-occurrence of words in the corpus
and form the connected graph

— Cut the graph by different methods and find the connected
subgraphs to form equivalence classes

© 2020 Christopher W. Clifton
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PORDUE - Text Representation: Word Stemming

Department of Computer Science

.................................................... -
g
. H
racist i
i
"
Ll
....................................... -t
racer ;
i
racetrack |
i
1

(¥u & Croft, 1998)

PURDUE Text Representation:

UNIVERSITY

Process of Indexing

Remove Stopword,
Stemming, Phrase
Extraction etc

Document —'| Parser I—' | Text Preprocess |

Term

Extract useful fields, Dictionary
useful tokens

(lex/yacc)

| Indexer | OIanerted

ists
Full Text Indexing \
ocument

Attributes
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PORDUE  Text Representation: Inverted Lists
Inverted lists are one of the most common indexing techniques
» Source file: collection organized by documents

* Inverted list file: collection organized by term

— one record per term, the lists of documents that contain the specific
term

» Possible actions with inverted lists
— OR: the union of lists
— And: the intersection of lists

27
PORDUE  Text Representation: Inverted Lists

Department of Computer Science

Doc ID Text Documents
1 lads question notng m 1960
2 young man question everything in 1970s
3 kids question questions i 1980z
4 voung man question nothing mn 2000z
Term ID Term Documents
1 kids 1,3
2 question 1.23.4
3 nothing 1.4
4 n 1,234
5 190608 1
6 young 2.4
7 man 2.4
8 everything 2
9 1970s 2
10 questions 3
. 11 19808 3
Inverted Lists 11 2000s 4
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PORDUE  Text Representation: Inverted Lists

Department of Computer Science

Many engineering details
» Update inverted lists: delete/insert a term or document
» Compression: trade off between I/O time and CPU time

» Add more information such as position information
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