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Topic Outline

s ihe Preklem: Retneving lniermaneniren Exteral
SOUCES

o A'Solutien: LCatent Semantic lndexing (LSI)
o Severall Applications

— Information Retrieval

— Information Filtering

— Autematic Assignment of Reviewers

— Bellcore Advisor
e Conclusions




Retrieval of Information from External Sources

siliePromisen External daiznases can greauy auanieni
RUmanimemery/and prenlien seiving

o The Reality: Itis surprsing iy diffficult to findimiermation
Irexternal datanases

Keyword-hased retrievall systems

“Vecabulary mismatch”

Implications for retrieval

o Retrieveirrelevantinformation (50% or more)
e Miss relevant information (routinely 80%)
Need to capture and exploit structure




Latent Semantic Indexing (LSl
Ovenview

ssBeqgimwithrstandiare termnEe e CUnTER it mIauiX
sAssUmie tinderiying erlatentstruicturenin miatrx
o Use truncated SVDitormedel latent semantic structure

o Use resulting semantic space for retrievall (k—=300)

. can retrieve documents that share no werds with guery.
o Fully automatic analysis

o« Geometric representation




Latent Semantic Indexing (LSl
Keyword vs. LSlIRetrieval
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Evaluations of LS| for Information Retrieval

sHRiematenIScIienceNiesi Collections

JiExt ejectsH(t decuments™)

QUEenRes anairelevance uidements

EVvaltation
o Precision: #relevant retrieved /7 retieved
o Recall: # relevant retrieved /total # relevant

E.G.,“Med”
* 1083medical abstracts; 5831 terms
o SVD takes <2 minutes on Sparc 10
 Foreach query, rank abstracts
* Plot precision/recall curve




| SIEvaluations
Med Results

MED: Precision-Recall Curve

Precision

Rezall




LSIEvaluations
Summary: Results

Test Collection

measure

average precison
average precison
average precison
average precison
average precison
average precison
average precison
average precison
number relevant
number correct




Latent Semantic Indexing (LSI)
est matching document dees not contain - laptop™
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Gompag Gomputer Corp. has unveiled a pair of
long-expected 6-pound *notebook’’ compubters that have full
personal computer features but £it on top of a regular sheet of

aper

PR e Gompag LTE and LTE-286 don’t have hatteries or screens as
good as the ones in the mew Portable Macintosh from Apple Computer
Tno. but thep are much smaller and lighter than Apple’s enkries

The compag machines, unveiled tonday, alse have more power than
other ‘‘motebook’’ compukers from HEC Corp. and Zenith Data Spstems

. which are more direct competitors than Apple’s because thep
oo the same sofbware.

The computers measure 2 inches high and are 8{ inches by 11
inches om the sides. Thep have more tham 3{ hours of batterp life
Thep range in price from $2,339 to 34,999
Drocuments = 5 Twd Canion, Compaq’s president and chief executive, said in an
interview that orders from dealers had been strong. *‘we heliewe
we’re going to kind of define this macketplace,’’ he said.

&

<

Words Found: laptop

Matching Documents
Select hox to find similar documents

Title

84 Compag Unvels Light Portable Computer

82 Zenith Introduces More Powerful Laptop Computer

80 Compag Unveils New Per.s onalc oi'np!..ltex Billed As bost Powerful

80 Apple’s Portable Macintosh Will Be Heavy, Expensive And Sharp, Analysts

79 | i |Palmtops, Motebook-Size Computers Take Off

Document: Done.




Using LS| for Information Retrieval
SUmmany

s ConsisientZ0=80Yretievallacd\Vantages oVerkeyiwere
ietreval

o Ul autematic anawidely applicanie
— [Diffierent languages
— Cress-language
o Flexible inputand eutput options
— Query: any combination of words or documents
— Response: documents or words
 \Web interface and user experiments




Cross-Language Infermation Retrieval

s @UeRinenelanglagematches releveani
decUmeERtsinISanme ofetheriangluages

o State-ofi-the-art: VMachine translation; ot guUeres
— Requires painwise lexical reseurces

— Expensiveto develop; Lack coverage; Failito
adeguately handle lexical ambiguity

* Cross-language LSI (CL-LSI)

— Fully autematic corpus analysis
— No translation




Using LS| for Cross-Language Retrieval
After Landauer & Littman (1990)

1 lprainrusing small'seteircomibined multing 2z
docUuments
> derive inter-relatienships amoeng terms

2. Foldinrmoenolimgualidocunents

3. Queries in either language retrieve the most similar
documents regardless ofilanguage ... no translation
ofi queries




Using LS| for Cross-Language Retrieval
1. Train Combined

s Combined = documentiromiHansSardrcerpuS

HoRPBEnoIrBieuchardi(SeECetan/oiiState el Canada) Vi Speakers|
Wweuldiiketerhine ter therattenten el therHouse thiat teday, asiiHemn:
ViEmBErSiarenoerdouktaware, We are celeprauing thie anmiversan/ o
theproclamation ofithe Canadian Chanter o Rightsiand Ereedomis
which teek place onfAprl 17, 1982, and alse of the coming Inte
effect ayear agoe ofithe previsiens guaranteeing equality for all
members of our seciety. --- L'hen. Benoeit Bouchard (secretaire
d’Etat du Canada): Monsieur le President, je voudrals poerter a
I"attention de la Chambre gue nous celebrons aujourd’hul, comme le
savent les honorables deputes, I'anniversaire de la proclamation de
la Charte Canadienne des droits et libertes qui a eu lieu le 17 Avril
1982, ainsi que son parachevement, il y a un an, avec |I’entree en

viguer des dispositions garantissant I’egalite a tous les membres de
notre societe.




Cross-LanguageLSI(CL-LSI)
Example Results - Mate Retrieval

s Hansarcdrcollection
sHifain: 962 comvimed EEdocuiments (Zmins)
o EF@ldin: 1500 E documents; 1500/F decuments

o lest: Mate Retrieval Test (n=1500/gueries)

Eng->Er Er->Eng Average
Overlap 98.3% 98.5% 98.4%
47.4% 49 5%, 48.6%
No Overlap 98.7% 99.1% 98.9%
1% 1% 1%




Cross-LanguagelLSI(CL-LSI)
Mate Retrieval Test

s eWANEINE GES atES e CUmER L eHIEVENLSICHoSS-anguageniate?
QUERVE
Hen. EnkeNielsen (Deputy’ Pime Minister and  Vinister eifnatienal Delense):
Vi Speaker, Weare i constantteuchwithieurcensularerficialsin Lilya. Weare
advised the situation there s stabilizing new. Thereismoeimmediatethreatto
Canadians. Therefore my respoense yesterday, which noe deulbt the Hen. Member
has seen, have not altered.

Croess-Language Mate:

L*hon. Erik Nielsen (vice-premier ministre et ministre de la Defense Nationale):
Monsieur le president, nous sommes en communication constante avec nos
representants consulaire en Libye. D'apres nos informations, la situation est en train
de se stabiliser, et les Canadiens ne sont pas immediatement menaces. Par
consequent, mes reponses d’hier, dont le representant a du prendre connaissance,
n‘ont pas change.




Latent Semantic Indexing (LSI)
Cross-Language Retrievallof Yellew Page Categories

Erenchr@uen/A houlangene:
Vigtehes EnglisiiCalegeIies:

pakeres retail

pakers retail

cake & prebakers retail
Fully'autematic & generalanalysis
No translation required




Information Eiltering

sHiermaten Retieval(iR)

— Rejatively siablerdaianase

— Raprdiy changing ad hoc Usergueries
o [nfermation Eilltering (IF)

— Relatively stable information neeads

— Rapidly changing data stream

— aka: Information routing, selective dissemination
of Information, electronic clipping services, current
awareness, classification, push technology




Using LSI for Information Filtering
Overview

BUneirepresenianve Sl space

REpresent usersinterest as\vector i LSlispace
Addinew documents te LSl space

[fnew decument similar to interest, retur toe Uiser

Describing users’ interests

— Freetext (llke ad hoc queries)
— Known relevant documents
— Various combinations




Using LSl for Information Filtering
User Profile
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Using LSl for Information Filtering
Sample Results

o TREC-S filterimg task

— 50ltepIcs ol niteresi

— 336,306/ new decuiments
o Results

aVverage pr number rel

wordfilter 288 : 6252
rel docs filter 374 : 6878

word + rel docs 379 : 7078




Simple Eiltering Topic

=AUm=>Numeer 106

<dem>Demaint Eanwanc GoVermimeni
<tite=epic: UlS, Controlfeiinsiderirading
<desc> Pescrpion

Doecumentwillirepertpropesedierenacted chianges telUrs, Laws andiregulatiens designedite
preventinsidertrading

<nar=>Narrative:

A relevant document will' containimiermation on propoesed or enacted changed te ULS: laws and
regulations, including state lawsiand stock marketrules, which areaimed at increasing penalties
or clesing leepheles in existing institutionalidiscouragements to insider trading. NOT relevant
are reports onspecific insider trading cases, such as the prosecutions and settlements related to
the Boesky - Milken - Drexel Burnham Lambert scandal, unless the report also contains specific
information on legal or regulatory change.

<con> Concepi(s):
1. insider trading
2. securities law, bill, legislation, regulation, rule
3. Insider Trading Sanctions Act, Insider Trading and Securities Fraud Enforcement Act

4. Securities and Exchange Commission, SEC, Commodity Futures Trading Commission, CFTC,
National Association of Securities Dealers, NASD




Using LSIto Assign Reviewers
Ovenview

sHViatching suinittedimantiSCHpLS e EVIEWENS

= Pifiicuitwhenithereareimanysinmultanecusisunmissionsiand
ManRy evIewers

— E.g., ACM: CHIF94'=-3850/sulmission; 250ireViewers; 7.
Feviews/submission

o Using LSl toe streamiine and improve the process
Represent domain
Represent submissions
Represent reviewers
Compute similarities
Load balancing and coverage
<20 minutes to do the assignments




Using LSIto Assign Reviewers
Evaluation

SystematicrevaluatenierACNHYpertext9d

— A7 sulemissiens; 25 reviewers

— Judgments; eif thellr appropriateness asi reviewers fier eveny sulhmissien
LS| Demain Analysis

—  Compared several cellections: - sulmitied anstracts; reviewer's
descriptions; on-line texts and bikliegraphies

Represent Reviewer’s Interests

— Text descriptions of interests (mean 3.3)
Represent Submissions

— Abstract, title, authors

Match Submissions to Reviewers

— topn

— nof2n




Using LSIto Assign Reviewers
Evaluation

— Forfoct Match of Haviswera In
o " nolfZn ChlDatagets]

LEI ThAll Datasats)

LEI (Bubmnitted Abstractsa]

LEI (Elmeldarman & Kaarslayl
- e w= Bandon Baview Asslgneents
[ 3 Human Exports




Using LSIto Assign Reviewers
SUmmany

siLSimethod canhbe usediierautemae the
aSSIgniment ol reviewers to Sulmissiens

o N o Znmethodiresultedin Detter mean
fatings than Auman assignment

o Tested w/ Hypertext’91 and CHI"92
o Used for CHI"93 and CHI"94

 More generally applicable -e.qg., grants, REPs




Using LSI'te Find Experts
Ovenview

siiEellicoreAdviser(Sieeter&itochiiauin)

siiViatchies reguest ierimiermanenwiith
approprae technical erganizanens

— Organizatiens characterized: by representative
texts (e.g., work descriptions, memaos)

— Ad hoc gueries

o Used within Bellcore and by Technical
Recruiting




Using LS| te Find Experts
Evaluation

siiESifanalysisieirls00BellicereshechnicalViemoes

sIRepreseni-460rdepartmenits

s lViatchrgueries te relevant groups
o Results

median rank 75thi percentile

of true match rank of true match
LSI 2 9

keyword A 23
max (LSI+key) 1 5




Summary

Leywerdimatchime resultsiinrsurprsingly.
PO retieval

s LSl can impreve access e external
Infiormation

o LSl fully automatic and widely applicable

o hitp://superbook.bellcore.com/~std/Isi.htmi
e http://superbook.bellcore.com/~std/LSl.papers.htmi




