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Combination of Expert Advice

= Machine Learning
« Problems:
medical diagnostics, stock market prediction, etc.

= Solutions:
boosting, bagging, weighted majority, etc.



Combination of Expert Advice

= |Information Retrieval

= Problems:

filtering (news/spam), recommendation systems,
metasearch, efc.

= Solutions:

Linear classifiers, collaborative filtering, on-line
learning, etc.



The Metasearch Problem
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Search and Metasearch

« Search engines:
= Provide a ranked list of documents.
= May provide relevance scores.

« Metasearch engines:
= Query multiple search engines.
- May or may not combine results.



Metasearch: Dogpile
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¢ Bookmarks 4‘ Location: [[http://search. dogpile. com/texis/search?q=chili+peppers&geo=no&fs=web&av=customengines=goto&engines=looksmarts&engines=tk /| @7 What's Related

Home

Custom Search
Dogpile Remote
Search at Home
Help with Syntax
Tell a Friend

Go Shopping

web Metasearch Results

¥ smarterkids.com™ Visit the Ask Our Teachers
column at SmarterKids.com.

Find old classmates here!

Spend web time wisely. Shop smarter Hear My Mail from Webley!
= Buy books about "chili peppers” at Amazon.com = Search for "chili peppers” on Electric Library
s yoaloaking far: Red Hot Chili Peppers Peppers Chili Hot Peppers

Red Hot Chili Peppers Tabs ~ Canning Recipes Peppers Red Hot Chili Peppers Lyrics Salsa Recipes Free

q 3
ClassMates com: Remember your promise to keep in touch” at graduation? With over 8.5 million registered high school alumni, chances are youl find your old friends.

Search engine: Looksmart found 117 results.
The query string sent was +chili +peppers

1. The Red Hot Chili Peppers
Find photos, lyrics, updates, tour info, and news on alternative-funk-rock band the Red Hot Chili Peppers.

Looksmart category — Red Hot Chili Pepper

2. Red Hot Chili Peppers Audio and Video
‘Watch videos and listen to music by this rock/funk band.
Looksmart category — Red Hot Chili Peppers

3. Chili and Hot Sauces
Shop for mouth-burning chili sauces, Tabasco, hot salsas and other pepper—-inspired sauces.
Looksmart category — Chili & Hot Sauces

4. Chili and Hot Sauces
Find chili and other hot sauce recipes, including salsas, dips, spices, and rubs, and visit the Pepper Fool.
Looksmart category — Chili & Hot Sauces

5. Red Hot Chili Peppers — Screens and Themes
Promotional screensaver for the funk-rock band features falling chili peppers.
LookSmart category — Red Hot Chili Peppers Multimedia

Next set of results from [ooksmart

rS(Iearch engine: GoTo.com found 10 or more results.
=
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Metasearch: Metacrawler
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Fied Hot Chili Peppers Peppers Chili
Canning Recipes Peppers

Fed Hot Chili Peppers Tahs

nguuervp |

almmynuu

Fed Hot Chili Peppers Lyrics

Searching for

Results for "chili peppers" 1 to 20 of 122 results
View by: Relevance | Site | Source

[ MetaCrawler Suggests » ryysshates com, where you can find your High School Friends!

You just searched these search engines: Alta\ista, Infoseek, LookSmart, Lycos, GoTo, Thunderstone, DirectHit, Google, Internet Keywords, FindWhat, Sprinks by About

Fed Hot Chili Peppers

Ajtalfistz: Buy Californication Now. Enter your email address to receive information about The Red Hot Chili Peppers. Email: Go to the RED HOT CHILI PEPPERS ...

infoseek: Video clips and photos of the band, plus lyrics and interview.
Google: Buy Cahfurmcatlun Now. Enter your ‘email address to receive
1000, htip: ist, Infosesk, Gooale) | Mors Like This

Fed Hot Chili Peppers
This web site was created fur FREE at YW com. Visit www |
424, ista) | More Like This

com to get your free web site - no programming required.

redhotehilipeppers online
click here 1o skip intro...
424, More Like This

The Red Hot Chili Peppers
Find photos, ries, updates, tour nfo, and nevs on ternative~funk-rock bord the e Hot Chil Peppers.
424, LookSmart) | More Like This

Lycos Music: Red Hot CI

Peppers - Biography

Biography - Taiing in L4’ club circuit for years, the Red Hot Chili Peppers finally pounded their Funkirapirock into the mainstream with the 1989 LP Mother’s Mik. Making bedfellows of their native LA,

Punk
424, i it | OSHMCW1 (Lycos) | tore Like This

GlassShop.com - Handmade Blown Glass Chili Peppers
Our standard offering |ncludes four gorgeous 4-6 inch long blown glass
424, More Like This

peppers. Check ‘em out! They make a great gift item.

Chili Pepper smoked Trout
Chili Pepper smoked Trout recipe.
424, i i More Like This

Hot Peppers
Salsa Recipes Free

page:1-2-3-4-5-

Z next

£ Emmail results to a friend

0% Visa Cards Now! @
YourNextCreditCard

The best credit cards:
NextCard, CapitalOne, Aria....
0% intro, 9.9% fixed. Pick your
card and get instant approval
at YourNextCreditCard .com

Hot Concert Tickets on sale
now!

‘Who do you want to see for the
holidays? ‘N Sync? Tina
Turner? The Dixie Chicks? Get
sold-out concert tickets NOW
at eBay!

ly Mow for an Aria Vi
Get a 30-second Online Credll
Decision (subject to
wverification ) with an Aria Visa
credit card!

Find old High
School Friends
rel

ClassMates.com

Promote Your Site
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Metasearch: Profusion
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¢ Bookmarks 4‘ Location: F_http://ww.profusion. con/cgi-bin/nph-ProFusion. pl?queryterm=chili+peppers&option=all&display=10&totalverify=0&auto=antos /| @7 What's Related

intell@seek S— —

Search hili peppers on
Help
Home
‘Web Search —
Search Results A Track This Search
Results: 1-10 of 63. 1121314567 |All Next>>
1.0000 Red Hot Chili Peppers fopen in new window) Track This Page
Summary: This web site was created for FREE at www com. Visit www b com to get your free web site -

no programming recuired.

URL: hifp:fvww homestead.commusiccomenhotchilipeppers himl (Alfavista)

0.9667 Abbey Road: Red Hot Chili Peppers Fansite (open in new window] Track This Page

Summary: For fans of pre-1992 Red Hot Chili Peppers Funk Style!...
URL: hitp:imembers.soom.comiold_thepindexhinl (Alfavista)

0.9333 dotmusic - Single Review - Red Hot Chili ... open in new window]

Summary: Typically groovy bassist Flea fuels the momentum
URL: http:fn2. dofmusic.compevie: lestianuan2000Keviews 12635 .. (Alfavist)

Track This Page

0.9000 Red Hot Chili Peppers [open in new window] Track This Page

Summary: Buy Californication Now. Enter your email address to receive information about The Red Hot Chili Peppers. Email: Go
to the RED HOT CHILI PEPPERS...
URL: htp:gww wbr.comihilipeppersindeshiml (alfavista)

0.8781 Chili Pepper Rub for Brisket Recipe [open in new window] Track This Page

Summary: Chili Pepper Rub for Brisket recipe.
URL: hitp:fibba.about.comfibraryrecl?0: him (About)

0.8667 Red Hot Chili Peppers - Screens and Themes  (open in new window] Track This Page
Summary: Promotional screensaver for the funk-rock band features falling chili peppers.More like this: Red Hot Chili Peppers
Multimediia.
URL: htp:i s-DownloadsiScreen - Saverst... (Looksmart)

0.8667 Briguy’s Red Hot Chili Peppers & John ... fopen in new window) [£) Track This Page

Summary: Bootlegs of great classic rock, the Red Hot Chili Peppers, and John Frusciante. I've got stuff from both the
Californication era and the pre-heroin...
URL: htfp:imembers.aol.comicalifomizndraboots himl - (altavist)

0.8342 Chili Pepper smoked Trout  fopen in new window) Track This Page

Summary: Chili Pepper smoked Trout recipe.
URL: hifp:ibbaaboutcomfibrantrecbios 16ahim (Abouty

0.8333 Chili Peppers [open in new window) [£) Track This Page
Summary: Did You Know....? | Home | The Legend | Legend Form | A few items for those interested in chili peppers: Scoville Test
For Capsaicin--4 Thermal

URL: htp: iy

wknowldae him (Alfavista)

0.8000 Hot Chili Peppers Homepage fopen in new window]
Summary: Hot Chi Peppevslbqnlepagetcievman). .

Track This Page
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Metasearch Algorithms

» Heuristics and hacks:
« Interleave, average rank, sum scores, etc.

« Principled models:
- Bayesian inference, election theory, etc.
« On-line combination of expert advice.



On-line Metasearch
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On-line Allocation Problem

« Investment problem:
= Monthly paycheck...
= Many stock brokers & mutual funds...
« How to invest?
« How to incorporate feedback?

11



On-line Allocation: The Hedge Algorithm

| start with uniform distribution D]
Choose
Allocation

Receive loss Update
vector distribution

p e [O,l];N strategies (systems)

N

initial weights w' € [0,1]"; )y w] =1

t

t Wi
P =
S
=1
I efoa]V| L, E pr-r
W-t+1 W lt
Lyeper = Et 1p
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Why Hedge?

1
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On-line Setup

lS’rorr with uniform distribution D‘ Hedge

¢ SYSTEM
CREGES WEIGHTS

Allocation FEEDBACK
MODIFY
WEIGHTS

Receive loss Update
vector distribution




A Unified Model

Hedge

DOCUMENT SYSTEM

SELECTOR WEIGHTS

JUDGE MODIFY
WEIGHTS

RANK-VALUE MAP




Implementation

e map ranks to values

Hedge — o
SYSTEM value(r) = —+ +..+—=In—
T WEIGHTS WA et el
JUDGE MODIFY
WEERE RELEVANT = -1
RANK-VALUE MAP NONRELEVANT = +1
Z
LOSS(d,s) = label(d)-value(rank, ;) = label(d)-In ~

total loss vs. total precision vs. average precision

16



Experiments

- TREC 3,5,6,7,8
= 41-129 systems
= 50 queries per TREC
= Metasearch combines all systems

« Use TREC judgments as user feedback

17



Metasearch — TRECS8
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Metasearch — TREC 3
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Metasearch — TREC 5

MAP
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Metasearch — TREC 6
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Metasearch — TREC 7
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Metasearch — TREC 3,5,6,7

TREC3 Metasearch Performance Hedge TREC6
T T T T
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