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Outline

† Introduction to Information Retrieval (IR)

† Traditional and Web Search

† Problems in Web Search

† Innovations



Short History of IR
IR = search within doc. coll. for particular info. need (query)

B. C. cave paintings

7-8th cent. A.D. Beowulf

12th cent. A.D. invention of paper, monks in scriptoriums

1450 Gutenberg’s printing press

1700s Franklin’s public libraries

1872 Dewey’s decimal system

Card catalog

1940s-1950s Computer

1960s Salton’s SMART system (trad. search)

1989 Berner-Lee’s WWW (web search)



Traditional Search

Two Primary Goals:

† Clustering documents

† Processing user queries

– find similar documents

– find similar terms



Vector Space Model (1960s and 1970s)

Gerard Salton’s Information Retrieval System
SMART: System for the Mechanical Analysis and Retrieval of Text

(Salton’s Magical Automatic Retriever of Text)

† turn n textual documents into n document vectors d1; d2; . . .; dn

† create term-by-document matrix Am£n = [ d1jd2j. . .jdn ]

† to retrieve info., create query vector q, which is a pseudo-doc

GOAL: find doc. di closest to q

— angular cosine measure used: –i = cos µi = qT di=(kqk2kdik2)



Example from Berry’s book
Terms Documents

T1: Bab(y,ies,y’s) D1: Infant & Toddler First Aid

T2: Child(ren’s) D2: Babies & Children’s Room (For Your Home )

T3: Guide D3: Child Safety at Home

T4: Health D4: Your Baby’s Health & Safety : From Infant to Toddler

T5: Home D5: Baby Proofing Basics

T6: Infant D6: Your Guide to Easy Rust Proofing

T7: Guide D7: Beanie Babies Collector’s Guide

T8: Safety

T9: Toddler
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Geometry of VSM for 3d vectors

vsmanimation.html



Latent Semantic Indexing (1990s)

Susan Dumais’s improvement to VSM = LSI

Idea: use low-rank approximation to A to filter out noise

† Great Idea! 2 patents for Bell/Telcordia

— Computer information retrieval using latent semantic structure. U.S. Patent No.

4,839,853, June 13, 1989.

— Computerized cross-language document retrieval using latent semantic indexing.

U.S. Patent No. 5,301,109, April 5, 1994.

(Resource: USPTO http://patft.uspto.gov/netahtml/srchnum.htm)



Singular Value Decomposition

Am£n: rank r term-by-document matrix

† SVD: A = U§ VT =
Pr

i=1
¾iuiv

T
i

† LSI: use Ak =
Pk

i=1
¾iuiv

T
i in place of A

† Why?

— reduce storage when k << r

— filter out uncertainty, so that performance on text mining
tasks (e.g., query processing and clustering) improves



LSI Demos

† Telcordia LSI Demo: http://lsi.research.telcordia.com/lsi-bin/lsiQuery

† Netlib LSI Demo: http://www.netlib.org/cgi-bin/lsiBook



Nonnegative Matrix Factorization (2000)

Daniel Lee and Sebastian SeungÕs Nonnegative Matrix Factorization

Idea: use low-rank approximation with nonnegative factors to improve LSI

Ak = Uk § k VT
k

nonneg mixed nonneg mixed

Ak = Wk Hk
nonneg nonneg nonneg


