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The Metasearch Problem
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Search Engines

= Provide a ranked list of documents.
= May provide relevance scores.
= May have performance information.



Search Engine: Alta Vista

File Edit VYiew Go Communicator

Help |

/| @) what's Related |

j " Bookmarks i Location: [http: //www. altavista. con/fegi-bin/query?q=chili+peppersakl-Kifpg-qsTranslate=onsoearch, x=188search y=11

Search Home Comparison Shop Channels Rewards

Sign Up! | Altavista Members Sign n | Member Center | My AltaVista

ista: SHOPPING ( Click Here!
Gift of Learning Sweepstokes

Click here to find out more!

alta”

Search for; Help | Customize Settings | Family Filter is eff

any language — m

- redhot chili peppers
- tet hot chill peppers

|Ich|\| peppers

| Gearch within these results Example: +3kin +cancer —uitraviolet

Related Searches:
- red hot chill peppers

- chili peppers tabs
- chili peppers lyrics

AltaVista Recommends

5
Email & Tools

* Music with: chil penpers
* Alavista Entertainment: Music

Find Results In:

58,832 pages found.

Products Hews Business Web Paijes Imaijes MP3/Audio Video

chili peppers - Click here for a list of Internet Keywords related to chili peppers

See editor-selected sites in: The Fiedd Hot Chili Peppers | Ged Hot Chill Pepners Bandt Merbers | Hed Hot Chili Peppers Fan Dedications | Fed Hot Chili Peppers Bios and Discocraphies | Fed Hot
Chili Peppers News and Zines | Fed Hot Chill Peppers Multimedia

1. Bed Hot Shilf Peppers

This web site was created for FREE at www homestead.com. visit www homestead.com to get your free web site — no programming recuired
URL: www homestead comimusiccornerhotchilipepper s il

Translate More pages from this site B filated pages

2. Abbey Road: Red Hot CAJ Peppers Fansite

For fars of pre-1932 Red Hot Chili Peppers Funk Style!...
URL: memnbers zoom comiold_rhcpindes himl

Translate & Related pages Facts about: Xoom Com Inc

3. dotmusic - Single Review - Red Hot CAilf Peppers - 'Otherside’ (WER)
Typically groowy bassist FAea fuels the momenturn

URL: weww2 dotrusic comieyiewsSingles/Januar . eviews 1 2638 asp

Translate & Related pages

4. Bed Hot Chilf Peppers

Buy Californication Mow. Enter your email acddress to receive information about The Red Hot Chili Peppers. Emall: Go to the REC HOT CHILI PEPPERS ..
URL: wwwe whr comichilipepper sinces hml

Translate & Related pages Facts about: Yfarner Brothers ..

5. Hot LAl Peppers Homepage
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Search Engine: inq102 TREC3

Queryid (Num) : 50
Total number of documents over all queries
Retrieved: 50000
Relevant: 9805
Rel ret: 7305
Interpolated Recall - Precision Averages:
at 0.00 0.8992
at 0.10 0.7514
at 0.20 0.6584
at 0.30 0.5724
at 0.40 0.4982
at 0.50 0.4272
at 0.60 0.3521
at 0.70 0.2915
at 0.80 0.2173
at 0.90 0.1336
at 1.00 0.0115

Average precision (non-interpolated)
for all rel docs (averaged over queries)

0.4226
Precision:

At 5 docs: 0.7440
At 10 docs: 0.7220
At 15 docs: 0.6867
At 20 docs: 0.6740
At 30 docs: 0.6267
At 100 docs: 0.4902
At 200 docs: 0.3848
At 500 docs: 0.2401

At 1000 docs: 0.1461
R-Precision (precision after R
(= num rel for a query) docs retrieved):
Exact: 0.4524



External Metasearch
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Internal Metasearch
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Outline

v Introduce problem
= Characterize problem
= Survey current techniques

= Describe new approaches
= decision theory, social choice theory
= experiments with TREC data

= Upper bounds for metasearch
= Future work
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CombSUM

= Normalize scores: [0,1].

s For each doc:

= SUM relevance scores given to it by each
system (use O if unretrieved).

= Rank documents by score.
= Variants: MIN, MAX, MED, ANZ, MNZ
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CombMNZ

= Normalize scores: [0,1].

s For each doc:

= SUM relevance scores given to it by each
system (use 0 if unretrieved), and

« multiply by number of systems that
retrieved it (MN2).

= Rank documents by score.
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How well do they perform?

= Need performance metric.
= Need benchmark data.
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Metric: Average Precision
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Benchmark Data: TREC

= Annual 7ext Retrieval Conference.

= Millions of documents (AP, NYT, etc.)
= 50 queries.

= Dozens of retrieval engines.

= Output lists available.

= Relevance judgments available.
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Data Sets

Number Number | Number of
Data set )
systems queries docs
TREC3 40 50 1000
TRECS 61 50 1000
Vogt 10 10 1000
TREC9 105 50 1000
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CombX on TRECS Data

TREC 5: Combining the top i systems in order.

0.5
' ' firlst i input systemsI combined by ColmbMNZ ——
first i input systems combined by CombSUM ---x
first i input systems combined by CombMED ------
first i input systems combined by CombMAX &~
04 o
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Experiments

= Randomly choose 7 input systems.

= For each query:
= combine, trim, calculate avg precision.

= Calculate mean avg precision.
= Note best input system.
= Repeat (statistical significance).
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CombMNZ on TRECS

TREC 5: avg precision over 200 random sets of systems.

CombSUM —+—
CombMNZ X
0.29 - The best input system 8-

0.28 |- R e .
0.27 |
0.26 |-

0.25 |

Avg precision

0.24 -

0.23 |

0.22 |

0.21 |

2 4 6 8 10 12
Number of randomly chosen input systems
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Outline

v Introduce problem
v Characterize problem
v Survey current techniques

= Describe new approaches
= decision theory, social choice theory
= experiments with TREC data

= Upper bounds for metasearch
= Future work
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New Approaches

= Analog to decision theory.

= Requires only rank information.

= Training required.
= Analog to election strategies.

= Requires only rank information.

= No training required.
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Decision Theory

= Consider two alternative explanations
for some observed data.

=« Medical example:
= Perform a set of blood tests.
= Does patient have disease or not?
= Optimal method for choosing among
the explanations: /ikelihood ratio test.
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Metasearch via
Decision Theory

= Metasearch analogy:

s Observed data — document rank info over
all systems.

» Hypotheses —document is relevant or not.

= Ratio test: O Pr{rel|R,13,....7, ]

rel —

Prlirr | r,r,,...,7, ]
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Bayesian Analysis

P, =Prlrel |y,1,...,7,]

rel

_ Pr[r,rny,...,1, | rel]- Pr[rel]
! Pr[r,r,...,7, ]

_ Pr[n,r,...,r, | rel]- Prrel]
rel

- Pr[#,ry,....r, |irr]- Prlirr]

o Pr[rel]-Hi Pr[7, | rel]
el Pr[irr]- HZ_ Pr[r, |irr]

"~/
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Bayes on TREC3

TREC 3: avg precision over 200 random sets of systems.

Avg precision

042 F T T T i Ba}lfes_fUSe R
CombMNZ ---%---
The best input system ---&--
.- ¥
s
04 |
0.38
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0.34 |
0.32 +
E I 1 ] 1
2 4 ; ° 10 o

Number of randomly chosen input systems



Bayes on TRECS

TREC 5: avg precision over 200 random sets of systems.

03 Ba;fes-fuse —_—t
CombMNZ ------
The best input system &
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Bayes on TRECS

Avg precision

0.26

0.25

0.24

0.23

0.22

0.21

0.2

0.19

0.18

0.17

TREC 9: avg precision over 200 random sets of systems.

CombMNZ ------
The best input system -~ I
N

1
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Number of randomly chosen input systems
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Beautiful theory, but...

In theory, there is no difference between theory and practice;
In practice, there is.

—variously: Chuck Reid, Yogi Berra

Issue: /ndependence assumption...
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Nalve-Bayes Assumption

_ Pr[n,r,...,r, | rel]- Pr[rel]

“ Pt ny,...,r, |irr]- Prlirr]

{

Pr[rel]- HiPr[rl. | rel]

o
e Pr|irr]- H'Pr[rl. | ir7]

112
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Bayes on Vogt Data

Avg precision

0.5

0.45

0.4

0.35

TREC 5 subset: avg precision over between 1 and 200 random sets of systems.

IBayes—fusé AR
CombMNZ ------
The best input system &

N

4 5 6 7 8 9
Number of randomly chosen input systems

10
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New Approaches

= Analog to decision theory.

= Requires only rank information.

= Training required.
= Analog to election strategies.

= Requires only rank information.

= No training required.
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Election Strategies

= Plurality vote.

= Approval vote.

= Run-off.

= Preferential rankings:
= instant run-off,

=« Borda count (positional),
= Condorcet method (head-to-head).
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Metasearch Analogy

s Documents are candidates.

= Systems are voters expressing
preferential rankings among candidates.
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Condorcet Voting

= Each ballot ranks all candidates.

= Simulate head-to-head run-off between
each pair of candidates.

= Condorcet winner: candidate that beats
all other candidates, head-to-head.
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Condorcet Paradox

= Voter 1: A, B, C °

= Voter2: B,C A / \

= Voter 3: C,A, B « o

= Cyclic preferences: cycle in Condorcet
graph.

= Condorcet consistent path: Hamiltonian.

= For metasearch: any CC path will do.
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Condorcet Consistent Path

EAINN

N2
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Hamiltonian Path Proof

Inductive Step:
Base Case:
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Condorcet-fuse: Sorting

= Insertion-sort suggested by proof.

= Quicksort too; O(n log n) comparisons.
= n documents.

= Each comparison: O(m).
= m Input systems.

= Total: O(m n log n).
s Need not compute entire graph.

42



Condorcet-fuse on TREC3

Avg precision

0.42

0.4

0.38

0.36

0.34

0.32

TREC 3: avg precision over 200 random sets of systems.

I
CombMNZ ——
CombMNZ (relevance scores simulated with ranks, unret: 0)
Quicksort Condorcet

™

rs

6 8
Number of randomly chosen input systems

10

12
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Condorcet-fuse on TRECS

Avg precision

0.29

0.28

0.27

0.26

0.25

0.24

0.23

0.22

TREC 5: avg precision over 200 random sets of systems.

CombMNZ —+—

CombMNZ (relevance scores simulated with ranks, unret: 0) X
Quicksort Condorcet &
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Condorcet-fuse on Vogt

TREC 5 subset: avg precision over between 1 and 200 random sets of systems.

I I
0.54 |- CombMNZ —— -+
CombMNZ (relevance scores simulated with ranks, unret: 0) X
Quicksort Condorcet &
0.52 |- .

0.48 -
0.46

0.44

Avg precision

0.42 -

0.38 |

0.36 |

} | 1 | | 1 | 1
1 2 3 4 5 6 7 8 9 10
Number of randomly chosen input systems
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Condorcet-fuse on TREC9

TREC 9: avg precision over 200 random sets of systems.

0.25 | CombMNZ ——

CombMNZ (relevance scores simulated with ranks, unret: 0) X
Quicksort Condorcet &

0.24 ‘ ------- Ry, |

0.23 |

0.22 I

0.21 |

Avg precision

0.19 |

0.18 |-

0.16 k i . . . . i
2 4 6 8 10 12
Number of randomly chosen input systems
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Breaking Cycles

SCCs are properly ordered. //\\

How are ties within an SCC
broken? (Quicksort)
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Outline

v Introduce problem
~ Characterize problem
v Survey current techniques

v Describe new approaches
» decision theory, social choice theory
« experiments with TREC data

= Upper bounds for metasearch
= Future work
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Upper Bounds on Metasearch

= How good can metasearch be?

s Are there fundamental limits that
methods are approaching?

= Need an analog to running time lower
bounds...

49



Upper Bounds on Metasearch

= Constrained oracle model:
= omniscient metasearch oracle,

= constraints placed on oracle that any
reasonable metasearch technique must
obey.

= What are “reasonable” constraints?

50



Nalve Constraint

s Na/ve constraint:

= Oracle may only return docs from
underlying lists.

= Oracle may return these docs in any order.

= Omniscient oracle will return relevants docs
above irrelevant docs.
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TREC5: Naive Bound

Avg precision

TREC 5: avg precizion over 200 random sets of systems.

”- | | | | Naive Bound - -
| Condorcet-fuse —+— 4
The best input system ---m-—
e EE = .‘ ——Y 1 . .
ﬂ-g | _— --l. -.--.-...-....--- = il _Il
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0.8 r -
0.7 o -
06 _
05 r -
0.4 F _
0.3 B
_—_.—_'—-_—_TL—.'.-T.__-_ e o=
p.--""_'_._—“.ﬂ_r_‘l_ L i 1
2 4 6 a 0 >

Mumber of randomly chosen inpul systems

52



Pareto Constraint

n Pareto constraint:

= Oracle may only return docs from
underlying lists.

= Oracle must respect unanimous will of
underlying systems.

= Omniscient oracle will return relevants docs
above irrelevant docs, subject to the above
constraint.
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TRECS5: Pareto Bound

AV precision

1.1

0.9
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0.7
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0.4

0.3

TREG 5: avg precision over 200 random sets of sysiems.
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Majoritarian Constraint

s Majoritarian constraint:

= Oracle may only return docs from
underlying lists.

= Oracle must respect majority will of
underlying systems.

= Omniscient oracle will return relevant docs
above irrelevant docs and break cycles
optimally, subject to the above constraint.
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TRECS: Majoritarian Bound

TREC 5: avg precision over 200 random sets of systems.

I
11 F Maive Bound ---
Pareta Bound ---
Majoritarian Bound ----&---
1k Condaorcet-fuse -
The best input system - -®-

ke

07 F .
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0.3 F
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Mumber of randomly chosen input systems
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Upper Bounds: TREC3

TREC 3: avg precision over 200 random sets of systems.

1.1 F L T T i Mmésuum oy
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Upper Bounds: Vogt

Avg precision
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Upper Bounds: TRECS

TREC 9: avg precision over 200 random sets of systems.
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TRECS:

Avg Prec vs Feedback

60



TRECS:
System Assessments vs TREC

61



Metasearch Engines

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

File Edit Wiew Go Communicator Help|

:'| . Bookmarks A Location IRm;p /¢search. dogpile. com/texis/search?q=chili+peppers&yeo=no&fs=weh&av=custonfengines=gotogengines=looksmar tiengines=tk f‘ 507 what's Related |

P |
Home B
Custom Search
Dogpile Remote
Search at Home
Help with Synt
T web Metasearch Results
Ge Shopping

+ SmarterKids.com® Visit the Ask Our Teachers
column at SmarterKids.com.
Spend web time wisely. Shop smarter Hear bty hdail from YWebley! %
= Buy books about "chili peppers” at Amazon.com = Search for "chili peppers” on Electric Library
#re you looking for: Red Hot Chili Peppers Peppers Chili Hot Peppers

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

( £
ClassMates com: Remember your pramise to "keep in touch™ at gracuation ? 'With awver 8.5 million registered high school alumni, chances are youll finc your old frisnds.
=

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 I ooksmart

rS(learch engine; GoTo.com found 10 or more results.
=
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Metasearch: Metacrawler

File Edit Wiew Go Communicator Help |
: | . Bookmarks A Location IBm;p /¢search metacrawler. com/orawler?general=chili+peppersémethod=0&redirect=weh&rpp=20ghpe=10&region=0&tineout=0&sor t= f‘ 507 what's Related |
[ —]

A
C;_)cmwjg-l’—» I};hm peppers ‘ Search
wany *al - phrase
The Web

Are you looking For:

Fec Hot Chili Peppers Peppers Chili Hot Peppers

Fied Hot Chili Peppers Tabs Canning Fecipes Peppers Fiedt Hot Chili Peppers Lyrics Salsa Fecines Free

Searching for

Kdlscover\mui[h com

Results for "chili peppers” 1 to 20 of 122 rasults page: 1 -2-3-4-5-6-7 next

Wiew by: Relevance | Site | Source (2] il results 1o 3 friend

MetaCrawler Suggests » [i.ooniates com, where vou can find your High Schoal Friends!
Vou just searched these search engines: Altavista, Infoseek, LookSmart, Lycos, GaTa, Thunderstone, DirectHit, Google, Internet Keywords, Findvhat, Sprinks by &hout
Fiedt Hot Chili Peppers
Aftalsists Buy Californication Now. Enter your email address to receive information about The Red Hot Chili Peppers. Emall: Go to the RED HOT CHILI PEPPERS...
frnforeek: Widen clins and photos of the band, plus lyrics and interview. O Wisa Cards Mow! @
Googls: Buy Californication Mow. Enter your email acdress to receive ot Mext Cres ard
1000, hittp: e webr.comchilipeppersfndesshiml (Alfaists, Infoseek, Google) | More Like This The best credit cards:
. MewtCard, CapitalOne, Aria....
Fec Hot Chili Peppers 0% intro, 8.9% fixed. Pick your
This web site was created for FREE at www homestead con. isit www homestead som to get yaur fres web site - no programming recuired card and get Instant spproval
424, o homestead commusiccommeriodchilipeppers. himl (altavista) | More Like This at ourMext CreditCard com
rechatehilipeppers.onine Ww
lick here to skip intro oWl
424, htfp predhotehilipeppers comp (Googlel | More Like This miod;:’osgqh vgmtc;on;;eae far the
The Fed Hot Chili Peppers Turnet 7 The Dixie Chicks? Get
Find photas, lrics, updates, tour info, and news on alternative—funk-rock band the Fed Hot Chili Peppers sold '°“|‘ cancert tickets HOW
424, b 1510 4eU3315010f0531 i Looksmarty | mare Like This at eBay!
n § &pply Mow for an Aria Visal
Lycos hMusic: Fied Hot li Peppers - Biography Get a 30-second Online Credit
Biography — Taiing in L4, chuf circuit for vears, the Fed Hot Chili Peppers finally pounded their Funkfrapirock into the mainstream with the 1989 LP Mother s Mile. Making bedfellows of their native L4, Decision (subiect 10
Funk verification) with an Aria Visa
424, htfocfelick. i COSMCWA (Licos) | Mare Like This credit card!
Glazs Shop com — Handmade Blown Glass Chili Peppe! Find old High
Qur standard offering includes four gorgeous 4-6 inch long blown alass chili peppers. Check ‘em out! They make a great oift item. School Friends
424, hito:wum glassshop.comsmain. himl (Findtbiat) | tore Liks This Here!
ClassMates .com
Chili Penper smoked Trout
Chili Pepper smoked Trout recipe. Fromote Your Site
+24, htfo:bba abort.comfibrary. (Sprinks by About) | bore Like This .
= 2% G2 o2 |
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Metasearch: Profusion

File Edit Wiew Go Communicator Help|

il T Bookmarks Location: thttp: //www profusion. com/egi-bin/nph-ProFusion. pl?queryterm=chili+peppers&option=alladisplay=10&totalverify=0&auto=autos ¢ 7 What's Related I3
attp P £l D’ pLiguery pepp P LAy ¥

: -
]nte”@SE'ek Refinancing Second Morgage | Debt Consolidation

Search

A

chili peppers on

Web Search — | w

el

EE
=

Search Results

‘ATrack This Search

1.0000

092667

0.9333

0.2000

0.8781

0.8667

0.8667

0.8342

0.8333

0.8000

Results: 1-10 of 63, 1(21314(5|6|7 Al Hext:>

Red Hot Chili Peppers [spen in new windaw Track This Page

Swnmary: This web site was created for FREE at www homestead com. Wit weew homestead .com to get your free web site —
P10 progranmiming recired.
URL: it homes fead.comanusiccomerthotchilipeppers himl - (AlfaVista)

Abbey Road: Red Hot Chili Peppers Fansite ©pen innew windoul Track This Page

Summary; For fans of pre-1992 Red Hot Chili Peppers Funk Style!
URL: hitpimembers soom.cominld_thepindes himl (4 favist)

dotmusic - Single Review — Red Hot Cl [epen in new window] Track This Page

Sunmnary: Typ\caily groovy bagsist Flea fuels the momentum
URL: hfpitum . ThlfaVista)

Red Hot Chili Peppers (open in new windom Track This Page

Suminary; Buy Califorrication Now. Enter your email atidress 1o receive information slout The Red Hot Chill Peppers. Emall: Go
to the RED HOT CHILI PEFPERS
URL: hritp:iweww. whr.comjchilipeppersindes himl - (Alfavista)

Chili Pepper Rub for Brisket Recipe [open in new windan) Track This Page

Swmmary: Chii Pepper Fub for Erisket recige.
URL: hitp:ibbg.about.comdibramrecbl7os2 sahim  (About)

Red Hot Chili Peppers - Screens and Themes fooenin new windowl Track This Page
Swnmary: Promotional screensaver for the funk-rock band features falling chili peppers.More like this: Red Hot Chili Peppers
Multimedia,

URL: i s 5. comyPrevisws -Downloads/se (Look smart)

Briguy’s Red Hot Chili Peppers & John ... [ppen innew window) Track This Fage

Swmmary: Bootlegs of great classic rock, the Fed Hot Chil Peppers, and John Fruseiante. e got stuff from bath the
Californication era and the pre-herdin...
URL: http:imembers sol.comicalifomiandraboots himl - (AHabista)

Chili Pepper smoked Trout fopenin new uindowl Track This Page

Swnmary: Chili Pepper smoked Trout recipe
URL: htp:ibba about comfibranrecbl7os 162 him - about)

Chili Peppers  open innew windoug Track This Fage

Summary; Dic You Knuw ? | Home | The Legend! | Legend Form | & few items for those interested in chil peppers: Scoville Test
For Capsaicin——A Therm;
URL: g, cyber’saucecom.know\dgehm taltabist)

Hot Chili Peppers Homepage [open in new window) Track This Page
mary: Hot Chili Peppers mepage(ﬁerman)..

vttt T
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Characterizing Metasearch

= Three axes:
= common vs. disjoint database,
= relevance scores vs. ranks,
= training data vs. no training data.
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Axis 1: DB Overlap

= High overlap
= data fusion.

= Low overlap
= collection fusion (distributed retrieval).

s Very different technigues for each...
= This work: data fusion.
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CombMNZ on TREC3

Avg precision

0.42

0.4

0.38

0.36

0.34

0.32

TREC 3: avg precision over 200 random sets of systems.

The best input system -~

CombSUM —+— 1]

CombMNZ

M=

'a

= -

6 8
Number of randomly chosen input systems

10

12
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CombMNZ on Vogt

0.5

0.45

Avg precision

0.4

0.35

TREC 5 subset: avg precision over between 1 and 200 random sets of systems.

CombMNZ

The best input system -~

' CombSUM —+—

'a

N

4 5 6 7 8 9
Number of randomly chosen input systems

10
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CombMNZ on TREC9

Avg precision

0.26

0.25

0.24

0.23

0.22

0.21

0.2

0.19

0.18

0.17

TREC 9: avg precision over 200 random sets of systems.

The best input system &

CombSUM ——
CombMNZ "

B

6 8
Number of randomly chosen input systems

10

12
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Borda Count

= Consider an n candidate election.
= For each ballot:

= assign n points to top candidate,

= assign n-1 points to next candidate,

= Rank candidates by point sum.

/1



Borda Count: Election 2000

= Ideological order: Nader, Gore, Bush.

= Ideological voting:
= Bush voter: Bush, Gore, Nader.
= Nader voter: Nader, Gore, Bush.

= Gore voter:
= Gore, Bush, Nader.

« Gore, Nader, Bush. } 20750, 100/0
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Election 2000:
Ideological Florida Voting

Gore Bush Nader

50/50| 14,734,379 | 13,185,542 | 7,560,864

100/0 | 14,734,379 | 14,639,267 | 6,107,138

Gore Wins



Borda Count: Election 2000

= Ideological order: Nader, Gore, Bush.

= Manipulative voting:
= Bush voter: Bush, Nader, Gore.
= Gore voter: Gore, Nader, Bush.
= Nader voter: Nader, Gore, Bush.
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Election 2000:
Manipulative Florida Voting

Gore Bush Nader

11,825,203 | 11,731,816 | 11,923,765

Nader Wins



Future Work

= Bayes
= approximate dependence.

= Condorcet
= weighting, dependence.

= Upper bounds

= other constraints.

= Meta-retrieval
=« Metasearch is approaching fundamental limits.
= Need to incorporate user feedback: learning...
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