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will it rain tomorrow ?

=e | say it will rain

ve Nick says it will not rain
=e CNN says it will rain

ve FOX says it will not rain

e TOMORROW : sunny all day...
e what about Saturday?



weighted majority algorithm

e Give the "weather-men” weights
e Initial uniform or according to some prior belief

e Run the forecast for several days. Every day :
e Make our prediction by weighted-majority-vote
e Get the real outcome
e Update weights

e “penalize” wrong predictors
e “‘reward” good predictors



more Eroblems

e more problems
e trading stocks
¢ |IR metasearch

e disease classification
e where we need to “train” doctors

e common underlying idea
e generalization of weighted-majority

e why not exactly WM
e losses are real numbers instead of discrete 0-1
e our loss may be a weighted sum of expert losses



this talk

e Hedge algorithm for online
allocation [schapire, freund "96]

e Applications
e On classification : Adaboost
e On IR : metasearch algorithm



“how to use expert advice” ?

e N experts (or strategies)
e maintain a set of weights over experts
e loop for T episodes t=1,2,.....,T
e allocate Resources (believe) - based on weights

e receive loses
e reweight the experts



online allocation - hedge algorithm
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th hedge

e goal : Hedge loss close to the Loss of the best expert
(bound)

e proof idea :
e relate episodic Hedge loss with the sum of weights

t+1 t
Z s (o )( )LHedge (S )j
e relate cumulate Hedge loss with sum of final weights
In (Z wT+1) —(1 = B)LHedge(8)
e relate sum of final weights with loss of the best expert
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N cumulative
In (Zu‘r_l_l) —(1 — S)LHedge

hedgeloss

Applying repeatedly for t = 1,...,7 yields




[almost] as good as the best expert




oEtimaIitX

Theorem 3 Lel B be an algorithm for the on-line allocalion problem with an arbitrary number
of stralegies. Suppose thal there exisl posilive real numbers a and ¢ such thal for any number
of stralegies N and for any sequence of loss veclors £1,. .. T

L,<cl, +a ln(N )

Then for all 3 € (0,1), either




how to choose E

L l/p), o, In(N)

Hedge(f) — l—ﬁ best I_IB

e B = confidence parameter

e think of it as a trade-off

e fry to make the bound tight

e binary search : perfect expert + (p=0)
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that wasn't so bad

VIHedge algorithm for
online allocation

e Applications

e On classification : Adaboost

e On IR : metasearch algorithm



boosting

e disease classification....
e get past data
e “train” a disease-predictor “doctor”

(“hypothesis”,"weak learner”) l;r\/;rc]ugr

‘ Updated distribution D’ ‘ Hypothesis h

DlsTrlbuT|on on the data D

e how good is it (on training data) ?

e where is it wrong ? Soosing
e train a new predictor to correct algorithm

mistakes for the first one
AdaBoost

Final
Hypothesis
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hedge application : AdaBoost
|scha|2irei freund ’96!

HEDGE

e gQiven : experts

/
e| incoming : loses

e| reweight: experts
-

BOOSTING

ADABOOST

e gQiven : datapoints

Dl(i): -

1

m

e experts in weak-
learners performance

/'

e | incoming: weak learners
e compute error (loss)

e compute “believe” (B)

e| reweight : datapoints
-

h X - {-1,1}
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B, = [
gt
D Vg 1ty =h(x)
"z | B ify#h(x)

H o (x) = sgn (Z In (/)z)hxx)j
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AdaBoost - examEIe

= Start with
uniform
distribution on
data

s Weak learners
= halfplanes




. . 1-€ =
€1 =0.30 ‘5‘1=4§ 'GQ(ETL )=0.42




19






final hxgothesis

H =sign | 0.42
final




AdaBoost - analysis

typical curve AdaBoost

— test error — test error
—— train error —— train error

—_——

e A —

0t ot bosgina e 2] /() = JAx(1=3), x o]

e training error 08
training error(fH;_,) < H\/ 4e. (1-¢,) :j / \

t 0.2
e generalization error % 0z 04 06 08

1 logm log |H e
Pp [yf(_.;.) < O] < Pg [i;f(f} < 9] 4 0 (\/m ( 0§ m(;’._ | | 4 log(l/h)) )
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2003 Godel Prize
Yoav Freund and Robert Schapire

“The prize was awarded to Yoav Freund and Robert Schapire for
their paper "A Decision Theoretic Generalization of On-Line
Learning and an Application to Boosting," Journal of Computer and
System Sciences 55 (1997), pp. 119-139. This paper introduced
AdaBoost, an adaptive algorithm to improve the accuracy of
hypotheses in machine learning. The algorithm demonstrated novel
possibilities in analysing data and is a permanent contribution to
science even beyond computer science. Because of a combination
of features, including its elegance, the simplicity of its
implementation, its wide applicability, and its striking success in
reducing errors in benchmark applications even while its theoretical

assumptiqns are not known to h_old, the_a/_qorithm SQt_Off arl
expl_os:on of r_esearch in the fields of stat_/stlcs,
artificial intelligence, experimental machine

learning, and data mining. The algorithm is now widely
used in practice. The paper highlights the fact that theoretical
computer science continues to be a fount of powerful and entirely
novel ideas with significant and direct impact even in areas, such as
data analysis, that have been studied extensively by other
communities.”
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what we did last year [Aslam, Pavlu, Savell]

VIHedge algorithm for
online allocation

e Applications

MOn classification : Adaboost
e On IR : metasearch algorithm
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search and metasearch

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

e Metasearch engines:
e Query multiple search engines.
e May or may not combine results.
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metasearch: Do

File Edit View Go Communicator Help

'| “t' Bookmarks & Location: [lhittp: //search. dogpile. com/texis/search?g=chili+peppers&geo=-no&fs=web&av=custonsengines=gotofengines=looksnart&engines=tk /| ﬁl' What's Related

Custom Search -
Dogpile Remote A ¢
Search at Home

Hel th S
St btan A web Metasearch Results

Go Shopping
+'SmarterKids.com® Visit the Ask Our Teachers
Education Center column at SmarterKids.com.

Spend web time wisely. Shop smarter Hear by bail from Webley!

Find old classmates here!
ClassMates com

. Buy books about "chili peppers’ at Amazon.com . = Search for "chili peppers "on Electric Library

Are 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

i 3
Classhates comn: Remember your promise to “keep in touch™ at graduation? Witk over 8.5 million registered high school alumni, chances are youll 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 hews 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

MNext set of results from Looksmart

’_Search engine: GoTo.com found 10 or more results.
= |
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metasearch: Metacrawler

File Edit View Go Communicator Help
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Aute Insurance
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View Related: Web Pages

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

“iew by: Felevance | Site | Source Ernail results to a friend

HetaCrawler Suggests » roopates com, where you can find your High Schoal Friends!

You just searched these search engines: Altavista, Infoseek, LookSmart, Lycos, GoTo, Thunderstone, DirectHit, Google, Internet Keywords, FindWhat, Sprinks by Ahout

Fied Hot Chili Peppers
Aftzlfizta Buy Californication MNow. Enter your email address to receive information akout The Red Hot C Peppers. Email: Go to the RED HOT CHILI PEPPERS. ..
Infosesk: Video clips and photos of the band, plus lyrics and interview 0% Wisa Cards Mow! &
Gasgle: Buy Californication Now. Enter your email address to receive our Megt Credit Card
1000, http:gwww whbr.comichilipeppersndes himl (Altavists, iInfosesk, Gooaler | more Like This The best credit cards:
MextCard, Capital One, Aria.
Red Hot Chili Peppers 0% intro, 9.9% fixed. Pick your
This web site was created for FREE at www homestead com. Wisit weww homestead com to get your free web site — no prograrmming recuired card and get instant approval
424, htpsfwww hamestead comimusiccomerhatehilipeppers himl (Altalista) | Mare Like This at ¥ourMesxtCredit Card .com

redhoichilipeppers.online Hot Concert Tickets an sale
click here to skip intro... oyl
424, htpepredhotehilipeppers.comf(Google) | Ware Like This mﬂi@gqh%ﬂ%ﬁ? far the
The Ffied Hot Chili Peppers Turner? The Dixie Chicks? Get
Find photas, Iyrics, updates, tour info, and news on alternative —furk —rock band the Red Hot CI 5D|d-DUIt concert tickets MOW
424, htpsfwww looksmart.comfens 1. feus 5150 1 0feus 31 i {LookSmarty | More Liks This at eBay
i . Apply Now for an Aria Wisal
Lycos Muslc Fied Hut_ _Ch Peppers — Eluu_ranhv . . ) ) ) Get a S0-second Online Credit
Biography — Toiling in L.A.% club circuit for years, the Red Hot Chili Peppers finally pounded their Funkirapirock into the mainstream with the 1959 LF Mother's Milk. Making bedfellows of their native LA, Decision (subject to

Purk wetification with an Aria Wisa
424, htp:ficlick hotbot comdirect. li+32 Bpepperstrsource=LCOSMCWY (Lixas) | More Like This credit card!

Glass Shop.com - Handmade Blown Glass Chili Peppers Findd old High
Our standard offering includes four gorgeous 4-6 inch long blown glass chili peppers. Check ‘em out! They make a great gift item. School Friends
424, htpstww. glassshop.comsmain.himl ¢ Findvwhat) | iore Like This Here!
ClassMates.com

Chili Fepper smaked Traut
Chili Fepper smoked Trout recipe. Promote %our Site
424, htfp:tibba about. il ili (Sprinks by abouty | More Like This

= |




metasearch: Profusion

File Edit W“iew Go Communicaior Help

| “t' Bookmarks & Location: fhttp: //www. profusion. coms/egi-bin/nph-ProFusion. pl?querytern=chili+peppers&option=alladisplay=10&totalverify=0&uto=autos /| @' What's Related

Refinancing Second Motgage | Deht Consolidation |

ichili peppers

Web Search —

Search Results ‘Y Track This Search

Results: 1-10 of 63. 1123|4567 Al Next >

1.0000 Red Hol Chili Peppers [open in new window] [£] Track This Page
Sumimary: This web site was created for FREE at www homestead com. Wisit www homestead com to get your free web site —
0 RrOGrEmMInG Fecuired.
URL: htfoeiwww. homestead. commusiccomenhotchiliveppers.himl - (atavista

Abbey Road: Red Hot Chili Peppers Fansite [oenin new window 5 Track This Fage

Swmmary: For fans of pre—1992 Red Hot Chili Peppers Funk Stylel...
URL: httoemembers.qoom.comiold_thepdndes.himl alavista)

dotmusic — Single Review — Red Hot Cl « [open in new windon] =] Track This Page
Summary: Typically groovy bassist Flea fuels the momentum
LIRL dotmusi g

(A Uiste)

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

Suwmmary: Buy Californication MNow. Enter your email address to receive information about The Fed Hot Chili Peppers. Emaill: Go
to the RED HOT CHILI FEFFERS...
URL: hitpfww.wbr.comichilipeppersindes.himl - (Al Ruista)

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

Summary: Chili Pepper Fub for Brisket recipe
UEL: htpeibba.about.comfibrangreclzosz sahim (abouty

Red Hot Chili Peppers — Screens and Themes fooen in new window 5 Track This Page

Swmmary: Promotional screensaver for the funk—rock band features falling chili peppers. More like this: Red Hot Chili Peppers
Multirmediz
URL: it sc i .. [Looksmart)

Briguy’s Red Hot Chili Peppers & John ... @oen in new window =] Track This Page

Swmmary: Bootlegs of great classic rock, the Red Hot Chili Peppers, and John Frusciante. e got stuff from both the
Californication era and the pre—herain...
RL Leom, himl (AlaUista)

Chili Pepper smoked Trouk [open in new windouw] (=] Track This Fage

Summary: Chili Pepper smoked Trout recipe
UEL: hitp:ibba.sbout.comdibrangrecl?os 162 him - (About)

Chili Peppers [open in new window] Track This Page

Summary: Did You Know .7 | Home | The Legend | Legend Formn | & few iterns for those interested in chili peppers: Scoville Test
For Capsaicin— -2 Thermal
UEL: hifpefpeww.cbersance comfnowldae him - (alfabista)

Hot Chili Peppers Homepage [open in new window] Track This Page
Summary: Hot Chili Peppers Homepage { German ).
el T,




metasearch algorithms

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

e Principled models:
e Bayesian inference, election theory, etc.
e On-line combination of expert advice.
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hedge aEEIication * metasearch

—

HEDGE

e given : experts

e| incoming : loses

o \rewelght: experts

METASEARCH

e given : search engines

o :
e | incoming: documents

e compute losses

e | reweight : search engines
N

Core : Hedge

SYSTEM
WEIGHTS

FEEDBACK
MODIFY
WEIGHTS
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a unified model

Core : Hedge

SYSTEM
WEIGHTS
FEEDRERCK

MODIFY
WEIGHTS




a unified model

Core : Hedge

DOCUMENT SYSTEM
e WEIGHTS

JUDGE MODIFY
WEIGHTS




a unified model

Core : Hedge

DOCUMENT SYSTEM
e WEIGHTS

JUDGE MODIFY
WEIGHTS

RANK-VALUE MAP




ranks imEortance

e map ranks to values

Core : Hedge

1 1 1 Z

S =Y _ ~ ~lnZ

r;(:E)cL:EJg:TEONFZ e value(r) r + 1 + ...+ 7 In -

JUDGE MODIFY
WEIGHTS 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
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Core : Hedge

SYSIEEM

DOCUMENT WEIGHTS

SELECTOR

average value (d) =

N
=> W -valudrank, ,)
s=1

feedback

JUDGE

MODIFY

WEIGHTS

RANK-VALUE MAP

— .
e average value at episode t

e “trust” in systems change with t
e metasearch list : order docs by

e get feedback
e compute losses

e modify weights

\

average value, (d)

label (d,)

metasearch

. CIKM 2003 Homepage I

[ CIKM-2003 Registration
* B CIKM 2002 Homepage
ACM CIKM 2003 Call For Pape

ACM CIKM 2003 Call For Pape

CIKM Home Page ACM DL: CIK

Conference on Information an
ACM CIKM 2003 PRELIMINAR
CIKM Home Page ACM DL: CIK
ACM CIKM 2003 PRELIMINAR
[Asis-I] CIKM 2003
(DBWORLD) CIKM 2003 (Padm
bridge-cikm-2003
Collaborative Filtering Mailing
Yahoo! Groups : webir Messag
dBforums - Cfp: Cikm 03
Mailing List ARL-ERESERVE®@a
Received: from cni.org by b.c
ACM WIDM 2003

Cnlnrtbnrd Nl licaeinm-

r+1
V4%

S

I LOSS, (d,,s)
— WS /B ¢ Wy

Mario A. Nascimento - Person
Iceved

Conferences and Journals on
Conferences On Information
Calendrier des manifestations
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eerriments

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

e Use TREC judgments as user feedback
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metasearch - no feedback gxetz

no relevant uniform
judgements > weights

COND (Hedge-0) %ANZ %COND

TREC | MNZ
310423  0.403 0.418 —1.2 +3.7
51 0.294  0.307 0.309 +5.1 +0.6
6 | 0.341  0.315 0.345 +1.2 +9.5
71 0.320  0.308 0.323 +0.9 +4.9
8 | 0.350  0.343 0.352 +1.4 +2.6

MNZ=CombMNZ(Fox,Shaw,Lee et al)
COND=Condorcet(Aslam,Montague)
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. metasearch — TRECS

Metasearch performance Hedge TRECS

-l -0~ - i —ll —1 - - - - - | —ll —8 — = I I —l -5 - -  — N

m— CombMNZ
= best system

150 200 250 300

# docs judged
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metasearch — TREC 3

Metasearch Performance Hedge TREC3

150 200 250 300
# docs judged




metasearch — TREC 5

TRECS

Metasearch Performance Hedge

= Hedge
m—— CombMNZ
m— best system |

100 150 200 250 300 350 400
# docs judged




metasearch — TREC 6

Metasearch Performance Hedge TRECG6

= Hedge

s CombMNZ
= best system

100 150 200 250 300 350 400 450
# docs judged




metasearch — TREC 7

Metasearch Performance Hedge TREC7
T I T T T ] e ——

100 150 200 250 300 350 400 450
# docs judged




metasearch — TREC 3,5,6,7

Metasearch Performance Hedge
T

TREC3 Metasearch Performance Hedge TRECSE
T T :

0.48

| =— Hedge —
= = CombMNZ 0.44
- — - best system

0.38

o4z - o i i e g ey L i i H i i i :
0 100 150 200 250 300 350 400 450 500 o S0 100 150 200 250 300 350 400 450 500
# docs judged # docs judged

Metasearch Performance Hedge TRECS Metasearch Performance Hedge TREC7Y
0.4 T T T T T T T T T T T T T L

T T T

048

0.48

0.44 . -
—— Hedge

= CombMNZ

- = - best system

— Hedge
= = CombMNZ
= best system

MAP
=
=

0.38

0.38

0.34

asl: : . : E 3 i 032fim mmmmmm e e m e e m oo e

i i i i L i L o3l I L 1 1 1 I L 1 L
Q 50 100 150 200 250 300 350 400 450 500 o 50 100 150 200 250 300 350 400 450 500

# docs judged # docs judged
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actuallx...we do more than metasearch

recall rate

| H docé jud'gedl
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actuallx...we do more than metasearch

system evaluatlon

o
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"some" method evaluation

Q
b()

real evaluation
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“a unified model for metasearch,

Eooling and sxstem evaluation”

online metasearch

best underlying
system

avg precision

metasearch

feedback

recall rate

, Tecallrate

" # docs judged

Core : Hedge
SYSTEM

DOCUMENT WEIGHTS

SELECTOR

oY
JUDGE U\SEQ
FEEDBACK

WEIGHTS

"some" method evaluation

= =
B = &

system evaluation

‘real evaluation
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conclusion

e theoretic explanation of “being adaptive”
e simple, elegant, intuitive

e usually performs much better than the
bound
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END




AdaBoost - technical

D1(i): nlfl_

e Start with uniform distrib D, :

e Ateveryround t=1to T h :X — {-1,1)

given D,
find weak hypothesis &, = PI'Dt [ht (Xl-) + y,-]
with error i -
o, = —h{ . } >0
2 &,
compute “belief” in 4, >
o -
D je™ 1ty =h(x)
_—— <
update distribution t+1 @
Z, " 1ty #h(x)

e final hyj
Hﬁnal (X) — Sgn (Z atht(x)J
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On-line SetuE

‘ Start with uniform distribution D H ed g e
¢ | SYSTEM
Choose WEIGHTS
Allocation FEEDBACK
MODIFY
| | | WEIGHTS

Receive l0ss Update
vector — distribution
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On-line Metasearch
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hedge aEEIication * metasearch

e problem : metasearch
e search engines
e document judgment
e metaserach

e [hedge] solution

e search engines are “experts”
e judgments on documents are “loses”
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generalization error- based on margins

e training error [Schapire,Freund 1996]

training error(H ;) < H \/ 4e,(1-¢))
t

e generalization error [Schapire,Freund,Barlett,Lee
1998]

Theorem 1 Lef D be a distribution over X x {—1,1}, and let S be a sample of m examples chosen
independently at random according to D. Assume that the base-classifier space H is finite, and let
& > 0. Then with probability at least 1 — § over the random choice of the training set S, every weighted
average function [ € C satisfies the following bound for all 8 > 0:

H:

| \ v

testing error training does not
miss-confidence dependonT -

. 1/2
Pp [yf(x) < O)|<|Ps [yf(z) < O] O ( L (mg loglH] lﬂg(lfﬁJ) ) :
vm.




hedge aEEroach
Hedge
SYSTEM

DOCUMENT WEIGHTS
SELECTOR

MODIFY WEIGHTS
JUDGE

FEEDBACK LOSS FUNCTION




Hedge

SYSTEM .
DOCUMENT WEIGHTS I OSS fU n Ctl O n
SELECTOR
UbGE el o  map ranks to values
1 1 1 YA
FEEDBACK | 1 0SS FUNCTION| AR 7Tl G et +..+—=ln—
ro r+l A 7
RELEVANT = -1
NONRELEVANT =+1
LOSS(d,s)=label(d) - value(rank o ) = label(d)-In Z
s

TP (s) = total precision of s = average of precision values at all ranks
FACT : ) LOSS (d,s)=C*(Z —2*TP(s))

all docs

e Average the precision at ALL ranks
e Normalize so ideal system gets TP=1
e math is simpler



Hedge average value (d) =

SYSTEM

DOCUMENT WEIGHTS N
SELECTOR — E

MODIFY WEIGHTS
JUDGE s=1

wpp[

FEEDBACK LOSS FUNCTION

average value at episode t
e “trust” in systems change with t

metasearch : include already judged docs

pooling |d, = arg max , (avemge _value (d))
e system evaluation

get feedback |[LOSS (d,,s) = label(d,)-value (rank, )]

modify weights
y g Wl = w; . ﬂLOSSt (d,,s)

S

metasearch

CIKM 2003 Homepage
CIKM-2003 Registration
CIKM 2002 Homepage

ACM CIKM 2003 Call For Pape
ACM CIKM 2003 Call For Pape
CIKM Home Page ACM DL: CIK
Conference on Information an
ACM CIKM 2003 PRELIMINAR
CIKM Home Page ACM DL: CIK
ACM CIKM 2003 PRELIMINAR
[Asis-I] CIKM 2003
(DBWORLD) CIKM 2003 (Padm
bridge-cikm-2003
Collaborative Filtering Mailing
Yahoo! Groups : webir Messag
dBforums - Cfp: Cikm 03
Mailing List ARL-ERESERVE®@a
Received: from cni.org by b.c

ACM WIDM 2003
ACM _ MMDR 20023
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Mario A. Nascimento - Person
Iceved
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actuallx...we do more than metasearch

A

online metasearch
best underlying
system

N

metasearch
feedback

g precision

avVv
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eerriments

e TREC 3,5,6,7,8
e 41-129 systems
e 50 queries per TREC
e metasearch uses all systems

e use TREC judgments as user feedback
e system evaluation : incomplete judgments
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. exlr_)eriments - relevant docs found

Relevant Docs Hedge vs Depth-n TRECS

200 250 300 350 400 450 500

# docs judged
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. eerriments . sxstem evaluation

SYSTEM EVALUATION(Hedge-40 SYSTEM EVALUATION depth-1 Dooling TRECS

Hec_jge E\(@Iuatiqn

::ZIS
o
‘=
m
=,
rU._|-_
~
Qv
o
C o3
[e)
Q
Q
— 02
I
L
]
=
2.

15 n2 0.25 0.3 y 0.35 'I-.-I .45 a5 :::i; 005 a1 015 Q2 0.25 03 : 035 04 045
trec evaluation trec evaluation
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. sxstem evaluation — kendall’'s T

System Ordering Hedge vs Depth-n TRECS

KendaII;s tau

=
o

200 250 300 350 400 450 500

# docs judged
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metasearch - no feedback gxetz

no relevant uniform
judgements — ° weights
TREC | MNZ COND %@@ %WMNZ %COND

3 1 0.423 0.403 0.418 —1.2 +3.7

5 | 0.294 0.307 0.309 +5.1 +0.6

6 | 0.341 0.315 0.345 +1.2 +9.5

7 1 0.320 0.308 0.323 +0.9 +4.9

8 | 0.350 0.343 0.352 +1.4 +2.6

MNZ=CombMNZ(Fox,Shaw,Lee et al)
COND=Condorcet(Aslam,Montague)
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eerriments — metasearch — TRECS8

Metasearch performance Hedge TRECS

— — CombMNZ
— - best system

150 200 250 300 350 400 450 500

# docs judged
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metasearch — TREC 3,5,6,7

Metasearch Performance Hedge TREC3 Metasearch Performance Hedge TRECS
T T T T

T 04 T T T Y T

0.38

0.36

o —— Hedge
=< — — CombMNZ
= 0.34 = best system
0.32
e ENISINSNERRRN. .
i - I _I____;___J____J___‘I___I____I___‘!-___.I____[___
150 200 250 0 50 100 150 200 250 300 350 400 450 500
# docs judged # docs judged
Metasearch Performance Hedge TRECS Metasearch Performance Hedge TREC7
T T T T T T T T I T T T T T T T I

—— Hedge
= = CombMNZ
— - best system | |

— Hedge

7 o
— — CombMNZ <C oo
. —. bestsystem =
; H H i ; ; H H ; i 03l i i i i i ; i i H
o 50 100 150 200 250 300 350 400 450 500 o 50 100 150 200 250 300 350 400 450 500
# docs judged # docs judged
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conclusion

e a powerful machine learning approach
e Hedge = AdaBoost core

e works [usually] better than anything else we've
seen

e true, it uses feedback
e but without feedback there are provable limitations

68



Why hedge [schapire, freund 96

N N
3wl s(waj@—a—mpT 1)<
i=1 i=1

hedge loss atepisode T = p' 1"

—
.. <exp(—(1 —,Bf’Zpt ")
t=1

- “lcummulatloss L.,

LHEDGE < ln(ﬂJLSYSTEM +lnN L N T 1
= Hedge(3) Z w,
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AdaBoost — distribution uEdate

h, : X — {-1,1} T
|
¢, =Pr, [A,(x;) # ;] > ha J\ h s g
yi # h(x;) Y, =h(x;)
at:Lln(l_Et]>O :
2\ & D D

e “neutralize” the last weak hypothesis
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Eroblem setup

e On the same query
e Set of underlying systems
e User feedback

e Goal
e Find relevant documents
e Produce online metasearch lists
e Perform online system evaluation

e \We are looking for an adaptive approach
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motivation

"some" method evaluation
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our unified model

Hedge
SYSTEM

DOCUMENT SIS
SELECTOR

Hed MODIFY WEIGHTS

JUDGE

FEEDBA  FEEDBACK LOSS FUNCTION
A




L0SS(d.s) (abel(d) [1
I

all docs

o AveldueiineprEeSioire

loss function

SYSTEM

: l] S labelldiA e

+—t..+
r+1
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el &EIGHTS

TP(s) = total precision of s =average precision at all ranks
FACT: > LOSS(d,s)=C#*(Z-2*TP(s))

FEOSTFUNCTION

o NonfiglizErseNeEZISyStien aetsaiE=x
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Hedge

SYSTEM

DOCUMENT WEIGHTS
SELECTOR

MODIFY WEIGHTS
JUDGE

FEEDBACK LOSS FUNCTION

-select d, = arg max
d not labeled

ng Avalue(d)\

> wi % LOSS(d,s|d = NR)
=l

e Naturally “want” top ranks
e If NON RELEVANT, then a NR in top ranks of the

system lists

e |f RELEVANT, bingo.
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system evaluation — howto

e assume all docs not judged (so many ?) to be
NON RELEVANT

e compute AvegPrecision for every system
e one (or few) very good systems — use small 3



metasearch - howto

e Compute “pooling value™ for each doc
e Instead of “select the top doc” for pooling
e do “select the top 1000 doc” for metasearch

e almost 1000 — docs already pooled are
automatically in top of metasearch list

78



eerriments

e TREC

e ~100 systems
e 50 queries each competition

e Use TREC qrels as user feedback
e incomplete feedback

e For comparison with depth-pooling we use
average number of pools (over queries)
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. exlr_)eriments - relevant docs found

Relevant Docs Hedge vs Depth-n TRECS
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. eerriments . sxstem evaluation
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. sxstem evaluation — kendall’s tau

System Ordering Hedge vs Depth-n TRECS

KendaII;s tau

=
o

200 250 300 350 400 450 500

# docs judged
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metasearch - no feedback gxetz

no relevant
judgements
TREC | MNZ COND"‘@@ WMNZ %COND

3 1 0.423 0.403 0.418 —1.2 +3.7
5 | 0.294 0.307 0.309 +5.1 +0.6
6 | 0.341 0.315 0.345 +1.2 +9.5
7 1 0.320 0.308 0.323 +0.9 +4.9
8 | 0.350 0.343 0.352 +1.4 +2.6
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eerriments — metasearch — TRECS8

Metasearch performance Hedge TRECS

— — CombMNZ
— - best system

150 200 250 300 350 400 450 500

# docs judged
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metasearch — TREC 3555657
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conclusion

e A powerful machine learning approach
e Hedge = AdaBoost core

e \Works [usually] better than anything else we've
seen

e True, it uses feedback
e But without feedback there are provable limitations

e It is missing a rigorous analysis
e We are not very far away with that
e Need a model assumption
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differentiate (clasify) the search engines
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test

recall rate
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test

"some" method evaluation
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Hedge vs. Cormack 500

poollnq comDarlson W|th Cormack
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motivation
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Start with uniform distribution D
Choose
Allocation

Update Receive loss
distribution vector
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Eooling - howto

[ N
-select d, = arg max Zwi_l * LOSS(d,s|d = NR)
x=]

d not labeled I

pooling value(d)

LOSS(d,s |d =NR)=[1+L+...+lJmln£
r r+l / 7

e Naturally “want” top ranks

e |f NON RELEVANT, then a NR in top ranks of the
system lists

e If RELEVANT, bingo. 03



metasearch — howto

e Before the next episode
e Compute poollng value”
for each doc

Zw“*LO&S(d s|d = NR)

e Instead of “s ect the top doc” for pooling
do “select the top 1000 doc” for metasearch

e almost 1000 — docs already pooled are
automatically in top of metasearch list
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\ III

‘tota Erecizion

e Average the precision at ALL ranks
e Normalize so ideal system gets TP=1

e math is more simple
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Metas — trec3
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Metas — trech
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Metas — trecbt

Metasearch Performance Hedge TRECS6

I I T T T T T T I E——

gl T s

046 Ny e, e, e, e, e, e U i

044k .. S S e TR TN e e SR -

—— Hedge
— — CombMNZ
- — . best system

038fif - S Y . SRR I D P P SIS i

ozst+¥ - ---- .......... ......... ......... .......... ......... ......... .......... ........ |

0 50 100 150 200 250 300 350 400 450 500
# docs judged

98




Metas — trec/

MAP
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Metas — trec3
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