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ABSTRACT
Web retrieval methods have evolved through three major steps in the last decade or so.
They started from standard document -centric IR in the early days of the Web, then made a

major step forward by leveraging the structure of the Web, using link analysis techniques. A

more recent, no less important step forward, has been to enter the user in this equation in

two ways: (1) implicitly , through the analysis of usage data captured by query logs, and

session and click information in general, the goal being to improve ranking as well as to

measure user's happiness and engagement; (2) explicitly , by offering novel interactive
features; the goal here being to better answer users' needs. We cover here the user -related
challenges associated with the implicit and explicit uses activities, namely:

Usage data analysis and metrics: It is critical to monitor how users interact with Web

retrieval systems, as this implicit relevant feedback aggregated at a large scale can

approximate quite accurately the level of success of a given feature. This is the focus of the

first part of the tutorial.

User interaction: Web retrieval engines interact with the user at two key stages, each

associated with its own challenges: expressing a query and interpreting and using results.

After quite some stagnation on the front -end of Web retrieval, we have seen numerous novel
interactive features appear in the last 3 to 4 years, as the leading commercial search engines

seem to compete for usersb6 attention. The second
explicit user interaction. We will introduce novel material (as compared to previous versions

of this tutorial.)

An earlier version of this tutorial was given at
S| GI2RO, WSDRMDH and ELIR
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9’ Looking back
n"

197090 199096
Information Retrieval Analyze words in millions of Web pages

Compare queries and Excite, Lycodnktomi, Alta-Vista

documents as vectors of words ¢ HTTe (CERN) and the Web,

CLYF2NXYIFGAZ2Y wSGNRSOEE & Ay Eigtprgwser: Mgsaic (U of lllinois)
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¢ Evaluation on predefined test collections
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9 V cissic R
.TH

A Classic IR

I Corpus: Fixed document collection

I Goal: Retrieve documents with i nformation content
information need

A Classic relevance

i For each query Q and stored document D in a given corpus assume there exists a
relevance score Score(Q, D) , where

Score(Q,D) is averaged over users U and contexts C
I Optimize Score(Q, D) asopposedto Score(Q, D, U, C)

I In other words, usually:

1. Corpusis predetermined :
Bad assumptions

2. Contextis ignored :
In the web context

3. Users are ignored

YaHoO!
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9 ' Then first revolution
[

1998: Analyze links on a very large scale

GooglePageRank Structure and connectivity

o [Bing tF3S 22&4QkPppyPgEG2Ye 2F o NERSNJ SUG | Graph strictare of n n
large-scalehypertextualg S0 a S| NOK Sy 3IAYy SUEKS 2 S0 €

IBM Hubs and Authorities

o Yt SAYOSNA {L!aQm
Ay F K@LISNXAY]lSR

o Recommendation of T by S

o Evidence that S and T are related AnChOr teXtiS a key Signal

o wSthuA2y 0SUsSSYy ¢ YR €O, [giong McCurley{ L DL wAnalysiscoB &
I YOK2NJ uSEU F2NJ 9S00 as
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2000
Usage Data

AOL query log transcript Implicit feedback
- Query logs and Click through data

AnonlD Chuerv CQuery [ime TtemPank ChekURL

TO0ZIE tennessee department of ransportation J006-03-01 TT08:30 5 Thitp:Furwwr tdot.state.tnus

100218 tennessee federal court 2006-03-01 11:33:44 i hitp:/www.constructionweblinks.com

100218 state of 2] board 2006-03-01 12:36:18 1 hitp-/www tennesses.gov

1oo218 state of Y board 2006-03-01 12:36:18 X bt W RN see. goV - -
100218 state of Y i Tboard 2006-03-01 12:56:18 2 hitp:/www tennesses. gov

100218 state of y i ‘board 2006-03-01 12:56:18 s MWW telmesses. gov I Ve e X e r I I I I e n S
100218 dixie youth softball 2006-03-02 10; 3 2 rww dixie org

100218 cdwg 2006-03-03 14:29:07 ¥ hitp:/www.cdwg.com .
100218 cdwg scam cdwge 2006-03-03 14:30:11

100218 escambia county sheriff’s department 2006-03-07 09:26:51 I hittp:/ o escambiaso.com Try O u t eX p e r I l I I e n tal fe at u re S O n % Of u S (
100218 escambia county sheriff’s department 2006-03-07 09:26:51 2 el X

100218 escambia county shenff’s department 2006-03-07 09:26:51 ¥ v 1

100218 escambia county sheniff’s department 2006-03-07 09:26:51 E?

100218 pensacola police department 2006-03-07 09:34:28 1

100218 memphis pd 2006-03-07 09:42:33 1

100218 nashville metro pd 2006-03-07 09:44:43 1

100218 florida nghway patrol 2006-03-07 09:48:35 1

100218 tennessee highway patrol 2006-03-07 09:49:52 1

100218 florida burean of investigations 2006-03-0709:51:08 2

100218 florida burean of investigations 2006-03-07 09:31:08 &

100218 government finance officers asssociation 2006-03-07 21:16:11

100218 state of tennessee controllers manual 2006-03-07 21 2

100218 state of tenmessee audit controllers manual 2006-03-07 21:17:40 3 Tittp:/ o comptroller state. m.us

100218 state of tenmessee andit contrellers manual 2006-03-07 21:17:40 4 wwthr state.tn.us

100218 state of tenmessee audit controllers manual 2006-03-07 22:1740 9 mdit tennessee.edu

100218 internal controls for mumicipalities under 10 000 2006-03-07 21:38:04 1 W ITSSCPA.OTE

100218 internal controls for mumicipalities under 10 000 2006-03-07 21:38:04 4 -/ farww massdor.com

100218 municipality frand detection technicues 2006-03-07 21:41:40

100218 municipal fraud audit detection internal controls 2006-03-07 21:43:15

100218 nternal fraud controls for mumicipalities cities towns local government 2006-03-07 21 3 1

100218 mtemnal frand controls for mumcipalities cities towns local govemment 2006-03-07 21:45:13 4

100218 imternal frand controls for municipalities cities towns local govemment 2006-03-07 21:45:13 7 o

100218 evaluating intemal controls a local Fuide 2006-03-07 21:51:18 3 - wwwallbusiness.com

[ Xiaodong Shi, Technical report, University of Michigan, 2007 ] |
ASoci al Net work Analysis of Web Search [ Query

5 [Andy Beal, Market Pilgrim 2005 ]

I
iGoogl e Space project at Londonos Heatth‘ﬁE!aQQp(
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9’ Today: users rule
.TH

A 2000 -to -date: Usage data & live experiments

I A wealth of implicit information

AQuery | ogs and CTR represent f#fi mp

T [Srikant et al . KDDUWL&®Orl OBr owsi ng Model s Rel e
Examinati ono

A Increased traffic generates more and more usage data
AWi sdom of crowds works (see fAdid
A Dashboards and 1% AKA bucket experiments

AUserso6 actions give competitive a
ranking

I Explicit information from more and more sophisticated users
A Front -end apps and features are the key differentiator
A Launch and iterate!

YaHoO!
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9’ Goals of todayos tutori a
-

o o Io Do

Define and organize concepts you are all familiar with, as users.

|dentify the technical/research challenges
Some hints on how it works

Some understanding on the explicit/implicit role of users in Web
search

-

Disclaimer!!!
Most (not all) of this lecture is high -level
as most algorithms and implementation details are
still kept as trade secrets by most search engines

YaHoO!
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9 ’ Collective usage data
.TH

A Usage data is the new entry barrier for any
search engine

A The more it grows, and the better mining
technologies get, the more relevant search
results become

A Collective usage data is key to
l.Il nterpreting userso i nformati on
2. Improving ranking and all search artifacts

YaHoO!
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9’ Query logs: mining queries for ...
.TH

Improving Web search

A Index layout and caching
[Baeza -Yates et al, SIGIR 2007 ] Tlie Impact of Caching on
Search Engineso

Features for ranking
Query intention

Query recommendations
Matching advertising

YaHoO!
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9’ Mining queries for ...
.TH

A User search modelling

I [Baeza-Yates,Hurtado , Mendoza & Dupret, LA-WEBG6G2005] A Mod e
User Search Behavioro

A Discoverability for search engines & people

A User driven Web design
I The Web site that the users want
I Improve information scent, content & structure

A Bootstrap pseudo -semantic resources

YaHoO!
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9 ’ Web queries
.TH

A Cultural and educational diversity
A Short queries & impatient interaction

I few queries posed & few answers seen

A Smaller & different vocabulary

A Different user goals
[Broder, SIGIR Forum 2002] NnA Taxonomy of Web Sc¢

I Information needs See refinement by [Rose & Levinson, WWW
I Navigational needs - 2004 ] Udderstanding user goals in web

. : search 0

i Transactional needs

YaHoO!



9’ Who issues head/tail queries?
-

16

A Long tail phenomenon

Popular hypothesis: Majority of consumers consistently follow the

crowd, only eccentrics issue tail queries

A Study of long tail
[Goel et al . WSDMARO&UL OMYy of t he
People with Extraordinary Tastes 0

Extensive study on user preferences for movies, music, Web
browsing and Web search

Everyone is a bit eccentric, consuming both popular and specialty
products, e.g., most people have their own 80 -20.

Supporting the tail (products or queries) goes beyond direct
revenues to second -order gains associated with
A increased consumer satisfaction

A repeat patronage.

Supporting the tail may boost the head by providing users a one
stop shop for both their mainstream and niche interests.

Long Ta

YaHoO!



9 ’ Queries and text
-

17

Word distribution in queries
and in documents
are different

le+12

le+10

1e+013

1e+016

Freguency

10000

100

.01

. — . — .
Collection Term Freqguencies

Collection Term Freguencies (fit) —— |

HQueries Term Frequencies

Queries (fit) ——

10

100

1000

Rank.

10000 100000 le+06

1e+07

[ Baeza-Yates &
Saint -Jean,

SPI| REB8] i A
Three Level
Search Engine
Index based in

Query Log
Di stribut.i
YaHoO!
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Word distribution in queries

in documents now sorted such
that same word on x

Fraction of Documents/Queries

0.1

0.01

.00l

0.0001

le-05

le-06

T
Collection
Queries

2 words way more frequent

in query logs than in documents

[Baeza -Yates &
Saint -Jean,

SPI REB8] A A
Three Level

Search Engine
Index based in
Query Log

Di stributd.i

20000 100000 150000 200000 230000 J00000 320000 400000 'S?'AHOOf

Words by document freguency in collection
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Log-log plot i weak correlation
bw query & document vocabularies

Text Frequencies

45 4 35 -3 25
Queries Frequencies

[Baeza -Yates et
al, SIGIR 2007]

ANThe | mpact
Caching on
Search Engi

YaHoO!
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Each set with its own power law!

Normalized Distribution

0.001 oy

0.0001 ¢
le-05 ¢

le-06

Not in Text

% Not in Queries

Words

10 100 1000 10000

YaHoO!



Other implicit signals ot

a- How far do people look for results?

68% Of Search Engine Users Click Results
Within The First Page of Results

Only a few

The first page
The first 2 pages
The first 3 pages

More than 3 pages

20% 40% 60% 80% 100%

A enging and

i resulls do Percentage of Search Engine Users

searchiMPL search enging custom survey [1008), n=2 218 (Search enging users, LS. only)

Source: iprospect.com iProspect Blended Search Results Study i April 2008
YaHoO!
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9' Evolution of behavior
|-

AnThe first three pages of searclhastfromterubt s n

2008 2006 2004 2002

Only a few 27% 23% 24% 16%

The first page 41% 39% 36% 32%

The first 2 pages 17% 19% 20% 23%

The first 3 pages 7% 9% 8% 10%

More than 3 pages 8% 10% 12% 19%

Source: iprospect.com iProspect Blended Search Results Study i April 2008

YaHoO!



AWhen you [ée] donot find what
. 23

are | ooking for, [when] do yo

revise your search, or move on to

anot her search engine?o

49% Of Respondents Switch Query And/Or Search Engine After
Reviewing The First Page of Search Results

After reviewing the first few search [
results ’

After reviewing the first page of search ‘
26%
results

EEE—

After reviewing the first 2 pages of |
search results

After reviewing the first 3 pages of 1 ' e
search results | Yo

After reviewing more than 3 pages of |
search results I

123%

28%

9%

Question; VWhen you ;)c.rmj:ll:'l @ Searc a su:;,:w‘:h( 0‘:'/o 10% 200/0 300/0 400/0

Percentage Of Search Engine Users Who Continue Their
Search When Not Finding What They Were Looking For

Source JupiterResearch/NPD search engine custom survey (1008) n=2 117 (Search engine users who contirue their search

© 2008 JupiswResearch, LLC > o >
| when not finding what they were [coking for, U5 onlv)

Source: iprospect.com iProspect Blended Search Results Study i April 2008
YaHoO!



’ Same question over time
.m

24

2008 2006 2004 2002

After reviewing the first few search results 23% 16% 23% 14%

After reviewing the first page of search results 26% 25% 19% 14%

After reviewing the first 2 pages of search results 28% 27% 26% 28%

After reviewing the first 3 pages of search results 15% 20% 15% 22%

After reviewing more than 3 pages of search results 9% 12% 17% 22%
Source: iprospect.com iProspect Blended Search Results Study i April 2008

YaHoO!



9’ Counting queries
-

25

Simplest method: count! and compare

Application: spelling

I from http://www.google.com/jobs/britney.html

433941
401354
36315
24342

7331
a633
2696
1507
1635
1479
1479
1338
1211
10296
291
291
g1l
gll
a6d
a6
a6d
a0l
a0l
544
544
364
364
JZ9

LA THPRETBEEALS, | gL GEAanT NG, sqmbdiiamiesy o

brithney speats
brittany spears
brittney spears
britany spears
britny spears
briteny spears
britteny spears
briney spears
brittny spears
brintey spears
britanny spears
britiny spears
britnet spears
britiney spears
britaney spears
britnay spears
brithney spears
brtiney spears
birtney spears
brintney spears
briteney spears
bitney spears
brinty spears
brittaney spears
brittnay spears
britey spears
brittiny spears
brthey spears

29
29
29
29
26
26
26
26
26
26
26
26
24
24
24
24
24
24
24
24
24
24
£l
21
2l
21
21
2l

britent spears
britthany spears
britttany spears
btiney spears
birtthey spears
breithey spears
brinity spears
britenay spears
britnevyt spears
brittan spears
britthe spears
btittany spears
beitney spears
birteny spears
brighthney spears
brintiny spears
britanty spears
britenny spears
britini spears
britowy spears
brittni spears
britthie spears
birithey spears
birtany spears
biteny spears
bratney spears
britani spears
britanie spears

o000 o0 00 00 00 00 00 00 00 Q0 00 00 00 00 OO0 WO MWD WD WD WD WD WD WD MWD WD WD WD

brinttany speakrs
hritanay spears
britinany spears
bhritn spears
hritnew spears
hritheyn spears
hritrney spears
brtiny spears
hrtitthey spears
bhrtny spears
hrytny spears
rhitney spears
birtiny spears
hithney spears
hrattany spears
hreitny spears
hreteny spears
brightny spears
bhrintay spears
brinttey spears
hriothey spears
hritanys spears
britley spears
hritnevh spears
britnrey spears
bhritnty spears
hritthner spears
brottany spears

R R N I I R T S T S SR i it R i O R SR B B B T RS B B

brney spears
broithey spears
brotny spears
bruteny spears
btiyney spears
btrittney spears
gritney spears
spritney spears
bittny spears
brnrithney spears
brandy spears
brbhrithey spears
breatiny spears
breethey spears
bretiney spears
brfitney spears
briattany spears
brieteny spears
briety spears
briitny spears
briittany spears
brinie spears
brinteney spears
brinthne spears
britaby spears
britaey spears
britainey spears
britinie spears

en e R Y ShESEZ.

britiy speats
britmeny spears
britneeey spears
britnehy spears
britnely spears
britnesy spears
britnetty spears
britnex spears
britnevxxx spears
britnity spears
britntey spears
britnvey spears
britterny spears
brittheey spears
britthnney spears
britthyey spears
brityen spears
briythey spears
brltney spears
broteny spears
brtaney spears
brtiiany spears
brtinay spears
brtinney spears
brtitany spears
brtiteny spears
brtnet spears
brytiny spears

Lk I R o o T T Y P Y P T o IO I I A I o o I O I I 5 G o R

- _f)\w --f.E—Ew?q];‘.— Aﬂ S -’H

brirremn:
brirt
brirttan,
hrirttné!
britai
britanes
bri tane::*

britani
hritﬁ
brit b
hrita.n.w"
brit o
brit

britamn
britany

briti
britins
britwmy
britnan
britna
britnh
britn
bri

[ e T T T Y i Y ot Y st Y % Y T T T Y st Y st A R I T T i T st Y st N 0 0 N A R S I 8

y
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9 ’ Did you mean?
.TH

A Revolutionized spelling correction by departing from the usual
dictionary -based model.

I Classic approach was to use edit distances to identify typing

mistakes such as letter inversions [ Kukich , ACM Computing Surveys
1992 nTechni ques for automatically <corre
I Il nstead, ADid you meano | earns its spel

usage and a great deal of usage.
A Extensive use of query logs analysis
I Frequency
I Transition
i Clicks

YaHoO!



9’ Clustering queries
-

27

A Define relations among queries

Common words: sparse set
Common clicked URLS: better
Natural clusters

A Define distance function among queries

Content of clicked URLs [Baeza -Yates, Hurtado & Mendoza, Web
Intelligence 2004] iRanki ng Boosting based in Quce

A Using search results to measure the similarity between queries

[Sahami and Heilman WWW®&006 ] A Webbased Kernel Function for
Measuring the Similarity whbprdgpbsea t Text

method for:
Ameasuring the similarity between short text
overlapping terms) by leveraging web search results to provide greater context

for the short textso

YaHoO!
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9 ’ Challenges
.TH

A Can we cluster queries well?
A Can we assign user goals to clusters?

YaHoO!
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9 ’ Evaluating query similarity
.TH

A Cluster text of clicked pages

I Infer query clusters using a vector model

qlij= Y Pop(q, u) X TE(t;,u)

., max TE(t,u)

I Unbias the effect of the rank and the interface in the
clicks

A Pseudo -taxonomies for queries
i Real language (slang?) of the Web
i Can be used for classification purposes

YaHoO!
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9 ’ Using the clusters
.TH

A Improved ranking

i [Baeza -Yates, Hurtado & Mendoza, JASIST 2007 ] nlmproving search
engines by query clusteringo

A Word classification
I Synonyms & related terms are in the same cluster
I Homonyms ( polysemy ) are in different clusters

A Query recommendation (ranking queries!)
I Real queries, not query expansion

Rank(q) = v X Sup(q, gini) + (1 — ) X Clos(q, gini)

YaHoO!
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9’ Relating queries
."I'H

[Baeza-Yates, S OF S E M-0Thdbi§ &nd Practice of Computer Science ]
A Gr a pfrong Search Engine Quer i eso

common session

gl «—— Q2 O qgueries

common
words clicks
pages
common
clicks links

common terms

YaHoO!



9 ’ Qualitative analysis
st

33

Graph Strength Sparsity Noise
Word Medium High Polysemy
Session Medium High Eehsﬁsiicfr?;,
Click High Medium Click spam
Link Weak Medium Link spam
Term Medium Low Term spam

YaHoO!
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9’ Query log: edge=lexical relation
|

s ﬂehakesspeare william
=8 /7 N
,_N%hage pear william Zo | AR

.

. shakespear N o

shakespeare william

quotes shakespeare

—biography shakespeare william

-shakéspeare sonnets

. calcite



Query log: edge = subseqguent gueries %

a- (Reversed chronological order)

. globe reconstruction shakespeare theatre usa

,.:Jlobe shakespeare theatre

Q quotes shakespeare

.‘- hakespear |
calcite I
(

biography shakespeare short william

, shakespeare sonnets N

1 4

. shakespeare sonnets william \

‘ shakesspeare william h shakespear william
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9’ Query log: edge=common result click

=~ Aﬁshakespeare sonnets
e /

R.biography shakespeare short william

hiography shakespeare

hiography shakespeare william

. shakesspeare william Sha}_(_g_szrraeare

. shakespeare sonnets william
shakespear

“quotes shakespeare

shakespeare william

. globe reconstruction shakespeare theatre usa

. globe shakespeare theatre

. calcite
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’ Beyond counting: query flow analysis
.TH
Barcelona Luxury Barcelona hotels
Brcelona ‘
Barcelona hotels
Barcelona F.C.
A Correct
A Specialize Cheap Barcelona hotels
_ Real Madrid
A Generalize
A Parallel Move
Generalization Model for ORT
[Boldi Bonchi, Castillo andignaWeb Intelligence | .
2009 dFromDangoto Japanese CakeQuery -
Reformulation Models and I (i G SNy & ¢ o o sty
uery uivalent ission
FEgphraI;ng g‘hangc
Model for
Specialization bl'l?:‘::féoﬁl} (8]
Figure 1. Graphical depiction of transition types.

YAHOO!
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9 ’ Mining query logs + clicks for
" Aresearch sessionso

[ Donato, Bonchi, Chi & Maarek WWW 2010 ] Da you want to take
notes? | dentifying research missions |

A Research missions
I Defined as a fniset of related and compl e
A Travel needs
A Education needs
A Medical needs

A Research missions are conducted during research sessions
I Defined as a set of al/l Auser activiti e
during a research mission
A May contained queries from distinct sessions
A Key signals: topical coherence and user 0s

T Account for
A 10% of the search sessions
A 25% of query volume

YaHoO!



40
9’ Research session - a formal definition
.TH

A A research session R is a maximal order sequence

<<q1 AR o S (IR TIR X >>

Where, for given thresholds , Sand, , we@ave

u. =L :u_ :ull U and tl ¢L ¢ti ¢t \

"1, jl {|1, N }: S(f (a), f(qj ))2 S, No specific time
- limitation
l? K — Complexity Cc;rr:)::gﬁlce
alc, |z c,
- h — Engagement

YaHoO!
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’In practiceé
[
A Features extractor: computes ~ 30 features from queries stream
I Textual features:
A size of the intersection on character -level 3-grams

A cosine similarity computed on sets of stemmed words

I Session features: number of clicks and queries since the beginning of
the session

I Time related features: interval between two queries

A Research detector : boosted decision tree that decides whether
two queries q1 and g2 belong to the same research task

A g1 = house buying in Palo Alto g2 = Real estate Bay Area g3 = pizza hut
A research(ql, q2) = 1 research(g2, gq3) =0

A Mission boundaries detector : boosted decision tree that decides

if two queries g ; and q , are topically coherent and thus
susceptible to be part of the same mission

YaHoO!



An application: Search Pad* 42

=~ More details in Session 3

Web Images Video Local Shopping More

‘YAHOO’ | barcelona airport transfers

8 ~ View Notes (9) Take notes on barcelona cheap flights? Yes No

W# ooarcriiscan - o

4,130,000 results for Airport Transfer Barcelona
barcelona airport tr...: Book Barcelona airport and cruise port transfers on Viator.
www.viator.com
.. by train
Appears when cheap ... Barcelona Airport Transfers | Transportation from Barcelona ...
: After a long and tiring day of travelling, relax, kick off your shoes and enjoy comfortable
_re_SearC_h session .. to salou transportation from Barcelona airport in our private chauffeured minibus ...
is identified www.barcelona-airport-transfers.com - Cached
.. city transfers

Barcelona Airport Transfers

-« port Barcelona Airport Transfers. Home. Reservations. Services. Prices. Conditions.
Children/Babies ... Hotel to your convenient airport (Barcelona o Girona) or the ...
barcelona-airport-transfers.com/en/nome_eng_barcelona.html - Cached

Barcelona Airport Transfer

Review of Barcelona airport transfer options to Barcelona city centre, Girona, Salou,
Sitges, Blanes and Reus ... to Transfers from Barcelona Airport to ...
barcelona-tourist-guide.com/en/airport/... - Cached

. . Barcelona Airport Transport
removed on Apnl Guide to Barcelona airport transport. Transfer from Barcelona airport to the city
2017 web search centre. ... Barcelona Airport Transport to city centre - transfer options ...
. . barcelona-tourist-guide.com/en/airport/... - Cached
interface is a

moving ground! Barcelona airport shuttle, airport shuttle transfer and ...
Barcelona airport shuttle, airport shuttle transfer and private shuttle or limousine service
in Barcelona. ... Barcelona Airport-Shuttle.com specializes in ...
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’ Beyond search: implicit folksonomy  ?
st

Bfree usa map = ——

- Spakish T
o ! . churros recipe I
maps online e

reE o ratwurst recipes

anish rice recipe
]
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9 ’ Set relations
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A ldentical sets: equivalence

A Subsets: specificity
I directed edges

A Non empty intersections (with threshold)
i degree of relation

A Dual graph: URLs related by queries
I High degree: multi  -topical URLSs
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