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Structure of the tutorial

@ Part1l
o Introduction
o Click models
o Parameter estimation
o Click probabilities
o Applications
@ Part 2
o Evaluation
o Data and tools
o Experimental results
o Advanced click models
o Future research
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Materials

o Authors' version of the book on which the tutorial is based:

o Aleksandr Chuklin, llya Markov, Maarten de Rijke. Click
Models for Web Search. Synthesis Lectures on Information
Concepts, Retrieval, and Services. Morgan & Claypool, July,
2015

o Code and data samples to follow practical sessions:

o Core PyClick https://github.com/markovi/PyClick
o Example code for this session
clickmodels.weebly.com/wsdm-2016-tutorial.html

o See clickmodels.weebly.com for additional materials
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Intro

Why clicks?

o Reflect user interests
o Help to improve search

o Help to evaluate search

o Ongoing and future research: other user search interactions

o mouse movements
o scrolling
o touch gestures
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Intro

What can we do with clicks?

count

click-through rate (CTR)

o Global CTR = ##ﬁ

shown docs

° Rank—based CTR — 7 # clicks at rank r

shown docs at rank r

_ # uis clicked for g
o Query-document CTR = s shownfor g

Some notation: u — URL (or document), g — query
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Why click models?
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Intro

Why click models?

Scientific modelling is a scientific activity, the aim of which is to
make a particular part or feature of the world easier to understand,
define, quantify, visualize, or simulate by referencing it to existing
and usually commonly accepted knowledge.

Wikipedia, Scientific modelling
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Intro

Why click models?

Click models make user clicks in web search
easier to understand, define, quantify, visualize, or simulate
using (mostly) probabilistic graphical models.
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Intro

Click log
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Intro

Why do we need click models?

Understand users

©

Simulate users

©

o Approximate document relevance

Evaluate search

©
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Intro

Simulating users

Algorithm Simulating user clicks
Input: click model M, query session s
Output: vector of simulated clicks (c1,. .., cn)

1. for r < 1 to |s| do

2: Pr<—PM(Cr:1‘ C1:C1,...,Cr_1:Cr_1)
conditional click probability

3:  Generate ¢, from Bernoulli(P;)

4: end for
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Intro

Approximating document relevance

Yandex san francisco Search

San Francisco Travel
sanfrancisco.travel

mages San Francisco is home bit of everything. Whether you're  first ime visitor or a long- — — R
time local. This is the pla d out about all things San Francisco. Cl 1 u1q

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/szen fren siskou/), officially the City and County of San Francisco, is the C2 — 0 — R
cultural, commercial, and financial center of Northern California and the only consolidated city- uxq
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco _ 0 )
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its C3 - RU3 q
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

¥ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real... _ 1 R
sanfrancisco.com C4 — a usq
The job market may seel to navigate these days, but employment and career
opportunities can be fount 'San Francisco's Financial District and Silicon Valley’s...

G City and County of San Francisco 0 R
sfgov.org C5 — — usq

SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts
and supervisors. District. Supervisor.
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Intro

Evaluating search

o Utility-based metrics
Yandex  san ancisco —

Traﬁe\

oo

dia, the free encyclopedia

n
uMetric = " P(C, = 1)U,

r=1

+ San Francisco travel guide - Wikitravel

o Effort-based metrics

@ San Francisco City Guide | Hotels, Restaurants, Nightife, Real.
sanfrancisco.con + | Iy

eMetric = Z P(S, =1)-F, Bo

r=1

o), 1 caroer
J jalloy’s.

\d County of San Francisco

Travel Rosources. . Tablof ks to San Franisco dsricts
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Click models

Outline

@ Click models
@ Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model

© ©0 0 0O
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Click models

Outline

@ Click models
o Random click model
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Click models

Random click model

Yandex san francisco Search

San Francisco Trayvel

Web
sanfrancisco.travel P .
mage: San Francisco is home bit of everything. Whether you're a first time visitor or a long- C/ICk
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/seen fran'siskoul), officially the City and County of San Francisco, is the P click
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its click
liberal community, hill terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

¥ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

it oon Pjick
The job market may seel to navigate these days, but employment and career clic
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's...

G City and County of San Francisco
sfgov.org P .
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts click
and supervisors. District. Supervisor.
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Click models

Random click model

o Terminology

o C, — binary random variable denoting a click on document u
Document u is clicked: C, =1
Document u is not clicked: C, =0
P(C, = 1) — probability of click on document u
P(C,=0)=1-P(C,=1)

© ©6 0 o

o Random click model (RCM)
o Any document can be clicked with the same (fixed) probability

P(C, =1) = const = p
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Click models

Random click model

Ya ﬂd ex san francisco Search

San Francisco Trayel

Web
sanfrancisco.travel P .

N San Francisco is home bit of everything. Whether you're a first time visitor or a long- C/ICk
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/sen fran'siskoul), officially the City and County of San Francisco, is the P click
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its C/ICk
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

Pjick
The job market may seel to navigate these days, but employment and career !
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco
sfgov.org P .
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts click
and supervisors. District. Supervisor.

# clicks
# shown docs Global C
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Click models

Outline

@ Click models

o CTR models
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Click models

Rank-based CTR model

Ya ﬂd ex san francisco Search

San Francisco Trayel

sanfrancisco.travel P(Cul = 1) = p

" San Francisco is home bit of everything. Whether you're a first time visitor or a long-
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia

en.wikipedia.org > San Francisco

San Francisco (/szn fran'siskov), officially the City and County of San Francisco, is the P Cu2 - 1 =P
cultural, commercial, and financial center of Northern California and the only consolidated city-

county in California.

+ San Francisco travel guide - Wikitravel

wikitravel.org > en/San_Francisco P( CU3 — 1) — ,0

San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com P(Cu4 = 1) - ,0

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco

sfgov.org P C — 1 —
SFGov Visitors Key Services: SF Travel Resources. ... Table of inks to San Franisco districts us — - ,0
and supervisors. District. Supervisor.

# clicks at rank r
# shown docs at rank r

P(C’Jr = ]‘) = Pr =
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Click models

Query-document CTR model

Ya ﬂd ex san francisco Search

San Francisco Trayel

sanfrancisco.travel P( Cul = 1) = pulq

" San Francisco is home bit of everything. Whether you're a first time visitor or a long-
time local. This is the plax d out about all things San Francisco.

Web

*) San Francisco - Wikipedia, the free encyclopedia

en.wikipedia.org > San Francisco P C 1
San Francisco (/szn fran'siskov), officially the City and County of San Francisco, is the u — - ,0 uxq
cultural, commercial, and financial center of Northern California and the only consolidated city-

county in California

+ San Francisco travel guide - Wikitravel

wikitravel.org > en/San_Francisco P( CU3 — 1) — ,OLI3 q

San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com P(Cu = 1) - ,Ou4q

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco

sfgov.org P C — 1 —
SFGov Visitors Key Services: SF Travel Resources. ... Table of inks to San Franisco districts us p usq
and supervisors. District. Supervisor.

# u is clicked for g
P(Cho=1)=pug =

# u is shown for g
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Click models

CTR models: summary

Random click model (global CTR):

Yandex  san ancisco Soarch
P(Ch=1)=p - 511_")

« San Francisco - Wikipedia, the free encyclopedia

Rank-based CTR:
P(Cur = ]‘) = pr

@ San Francisco Cw]( Guide | Hotels, Restaurants, Nightife, Real

o navigato theso days, but omployment and caroor

Query-document CTR:

P(Cu=1) = puq
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Click models

CTR models: demo

Demo
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Click models

Outline

@ Click models

o Position-based model
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Click models

Position-based model

Yandex san francisco

< San Francisco Trayel

Web
sanfrancisco.travel
rag San Francisco is home! bit of everything. Whether you're a first time visitor or a long-
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/szen fren'siskou), officially the City and County of San Francisco, is the
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

i+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real...
sanfrancisco.com
The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

G City and County of San Francisco
sfgov.org
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts
and supervisors. District. Supervisor.

AC-IM-MdR Click Models for Web Sea

Search

Pread(1) , Peiick(u1q)
Pread(2), Peiick(u2q)
Pread(3) + Pelick(u3q)
Pread(4) . Peiick (uaq)

Pread(5) ) Pclick(USq)
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Click models

Position-based model: examination

o Terminology
o Examination = reading a snippet

o E, — binary random variable denoting examination
of a snippet at rank r

o Snippet at rank r is examined: E, =1

o Snippet at rank r is not examined: E, =0

o P(E, = 1) — probability of examination of rank r
o P(E,=0)=1-P(E, =1)

o Position-based model (PBM)

o Examination depends on rank
P(E,=1) =1,
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Click models

Position-based model

Yandex san francisco Search

< San Francisco Trayel

Web
sanfrancisco.travel P ( )
a0 San Francisco is home! bit of everything. Whether you're a first time visitor or a long- fy]- 1 click U]_ q
time local. This is the pla d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco

San Francisco (/saen fran‘siskou), officially the City and County of San Francisco, is the ’72 Y PC/ICk ( U2 q)
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

i+ San Francisco travel guide - Wikitravel

wikitravel.org > en/San_Francisco P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 73 1 C/ 1C k U3 q

liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real...
sanfrancisco.com Piick(usq)
The job market may seel to navigate these days, but employment and career /74 ! click 4 q
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

G City and County of San Francisco

sfgov.org P .
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts fY5 1 CIIC/( u5 q

and supervisors. District. Supervisor.
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Click models

Position-based model: attractiveness

o Terminology
o Attractiveness = a user wants to click on a document
after examining (reading) its snippet

o A, — binary random variable showing whether document u
is attractive to a user, given query q

o Document u is attractive: A, =1
o Document u is not attractive: A, =0

o P(A, = 1) — probability of attractiveness of document u
o P(A,=0)=1-P(A,=1)

o Position-based model (PBM)
o Attractiveness depends on a query-document pair

P(Aug =1) = auq
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Click models

Position-based model

Yandex san francisco Search

San Francisco Trayvel

Web
sanfrancisco.travel Y, @

nage San Francisco is home bit of everything. Whether you're a first time visitor or a long- ' uq
time local. This s the pla d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/szen fren'siskou/), officially the City and County of San Francisco, is the ’}/2 , QU u2q
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 73
liberal community, hill terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

r Quzg

¥ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...
sanfrancisco.com 74 , (X usq
The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's...

G City and County of San Francisco
sfgov.org
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts 75 y O usq
and supervisors. District. Supervisor.
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Click models

Position-based model: summary

Yandex  san rancisco —
web i San Francisco Trayel
o along:

« San Francisco - Wikipedia, the free encyclopedia
e 9> San Francisco

P(E, =1) =1,

P(A,
P(Cu=1) = P(E,

+ San Francisco travel guide - Wikitravel
wikiravelorg > en/San_Francisco

a e cor wetknown o s
Voeral commnty,nilytorain, Viloian archtoctur, scoic beauty, summor fog, and grat
et and cutura dversty,

— 1) . P ( ALI — 1) @ San Francisco City Guide | Hotels, Restaurants, Nightiife, Real.
sanfranciscocom - |y

] nd career
ca L

I
—
~—
I
Q
<
Q

& City and County of San Francisco
sigov.org

Travel Resaurcss,
and supervors. Disrct. Suparvisar.
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Click models

Position-based model: probabilistic graphical model

Qg

<-4-F
:

&

document
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Click models

Position-based model: exercises
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Click models

Position-based model: demo

Demo
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Click models

Outline

@ Click models

o Cascade model
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Click models

Position-based model

Yandex  san rancisco —
web i San Francisco Trayel
o along:

San Francisco

P(E, =1)=~,

u

“ San Francisco - Wikipedia, the free encyclopedia
0

+ San Francisco travel guide - Wikitravel

P(Ay=1) = ay e s st
P(C,=1)= P(E,

et and cutura dversty,

— 1) . P ( ALI — 1) @ San Francisco City Guide | Hotels, Restaurants, Nightiffe, Real.
sanfranciscocom - |y

] nd career
ca L

& City and County of San Francisco
sigov.org

Travel Resaurcss,
and supervors. Disrct. Suparvisar.
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Click models

Cascade model

Yandex  san francisco Search

weo i San Francisco Trayel

@ Sta rt fro m t h e f| rst d ocume nt  San Francisco - Wikpeda, thefres encyclopedia

offcially the Gty and Caunty of San Francisco, s tho

@ Examine documents one by one
@ If click, then stop

Wikitravel

@ San Francisco cmr Guide | Hotels, Restaurants, Nightife, Real

@ Otherwise, continue

), bt
A F

Valeys

&3 City and County of San Francisco

- SF Travel Resources.
and supervors. Distict Suparvior.
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Click models

Cascade model

E,=1land A, =1 (C =1
P(Aur = 1) = aurq Yandex  sen francisco Search
P(El _ 1) — 1 Web : ;an Francisco Trayel
N——

« San Francisco - Wikipedia, the free encyclopedia

start from first

P(E,=1|E_1=0)=0
examine one by one
P(E,=1]C_1=1)=0
if click, then stop
P(E,=1|E_1=1,C_1=0)=1

otherwise, continue

ountyof San Francisco, s e

isco m:r Guide | Hotels, Restaurants, Nightife, Real

o st omglo
our_San Franciaco’ Fnancal Dt and Sicon Vally's

& City and County of San Francisco

SF Trave Resources.
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Click models

Cascade model: probabilistic graphical model

Qu,q

u,
1
|
T
6 document u,

N CD/@\\‘ /\/@\

v{

B

()
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Click models

Click models so far

o CTR models
+ count clicks (simple and fast)
— do not distinguish examination and attractiveness
o Position-based model (PBM) — User browsing model
+ examination and attractiveness
— examination of a document at rank r does not depend
on examinations and clicks above r
o Cascade model (CM) — Dynamic Bayesian network
-+ cascade dependency of examination at r
on examinations and clicks above r
— only one click is allowed
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Click models

Outline

@ Click models

o Dynamic Bayesian network model
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Click models

Dynamic Bayesian network model

Cascade model — Dynamic Bayesian network
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Click models

Dynamic Bayesian network model

Yandex  san francisco Search

Qb

@ Start from the first document

weo i San Francisco Tr

®

Examine documents one by one

“ San Francisco - Wikipedia, the free encyclopedia

@ If click, read actual document
and can be satisfied

@ If satisfied, stop

® Otherwise, continue with fixed
probability

cmr Guide | Hotels, Restaurants, Nightife, Real

), bt
A F

Valeys

ind County of San Francisco
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Click models

Dynamic Bayesian network model: satisfaction

o Terminology
o Satisfaction = a user reads the clicked document
and satisfies his/her information need
o S, — binary random variable showing whether document u
is satisfactory for query g
o P(S, =1) — probability of satisfactoriness of document v,
P(5,=0)=1-P(5,=1)

o Dynamic Bayesian network model (DBN)
o If a user is satisfied, he/she stops
o Otherwise, continues with fixed probability

P(E,=1]S_1=1)=0
if satisfied, stop

'D(Erzl‘Er_]_:]_,Sr_lzo):’Y

otherwise, continue
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Click models

Dynamic Bayesian network model: summary

E,=1land A, =1 C =1
P(Ay, =1) =ay,q tfobe e -

P(E]_ — 1) — 1 weo Efii:?Frzncis:oT%\
P(E,=1]E-1=0)=0
P(S, =1 C=1)=0uq  cmmmn

al things San Francisco.

, the free encyclopedia

if click, can be satisfied
P(E,=1]S_1=1)=0
if satisfied, stop o S et oo

P(E,=1|E_1=1,5_1=0)=r

sanfrancisco com

o navigato theso days, o caroer

@ San Francisco City Guide | Hotels, Restaurants, Nightife, Real
)

& City and County of San Francisco
stgov.org

otherwise, continue
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Click models

Dynamic Bayesian network: probabilistic graphical model

Qu,_1q Tup_1q Qu,q Ou,
e
document w,._;

4_-_
<]
<-|-- £
4_-_ 3

i yﬁ
4
P

AC-IM-MdR Click Models for Web Search and their Applications to IR 49



Click models

Dynamic Bayesian network model: demo

Demo
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Click models

Outline

@ Click models

o User browsing model
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Click models

User browsing model

Position-based model — User browsing model
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Click models

Position-based model

Ya ﬂd ex san francisco Search

Web San Francisco Trayel
sanfrancisco.travel

! San Francisco is home bit of everything. Whether you're a first time visitor or a long- /yl » & urq
time local. This is the plat d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/seen fran'siskoul), officially the City and County of San Francisco, is the ’}/2 , & uq
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 73
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

» Xusq

@ san Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com ,.)/4 1 (e} usq

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco

sfgov.org o
SFGov Visitors Key Services: SF Travel Resources. ... Table of inks to San Franisco districts 75 ' usq
and supervisors. District. Supervisor.

P(E.=1]|C

:]‘7CI’/+1:0 ...,Cr_lzo):fyrr/
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Click models

User browsing model

Ya ﬂd ex san francisco Search

San Francisco Trayel

Web

sanfrancisco.travel 710
" San Francisco is home bit of everything. Whether you're a first time visitor or a long-
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/sen fran'siskou/), officially the City and County of San Francisco, is the ')/2 1
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 731
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ san Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com ")/41
The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco
sfgov.org
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts 754
and supervisors. District. Supervisor.

P(Er:]_’Cr/:]_’Cr/+1_O ...,Cr_]_:
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Click models

User browsing model: summary

Yandex  sen francisco Search

web. i San Francisco TIET‘

@ San Francisco City Guide | Hotels, Restaurants, Nightife, Real
sanr E

fsan Franciec

Cr’+1 =0,..., C1= O) = Yrr'

d County of San Francisco

Travel Resources. . Table of ks to San Franisco drcts
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Click models

User browsing model: probabilistic graphical model

document u,.
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Click models

Click models summary

Qo

CTR models: counting clicks

©

Position-based model (PBM): examination and attractiveness

()

Cascade model (CM): previous examinations and clicks matter

©

Dynamic Bayesian network model (DBN): satisfactoriness

()

User browsing model (UBM): rank of previous click
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Estimation

Outline

@ Parameter estimation
@ Maximum likelihood estimation
O Expectation maximization
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Estimation

Outline

@ Parameter estimation
@ Maximum likelihood estimation
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Estimation

MLE for random click model

= JIII~"(—pp

seS uEs

-
likelihood of Bernoulli random variable

LL=>y > <CSS) log(p) + (1 — c§*)) log(1 - p))

seS uEs

ZSES Zues CUS) . # clicks
Zses |s| # shown docs
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Estimation

Outline

@ Parameter estimation

o Expectation maximization

AC-IM-MdR Click Models for Web Search and their Applications to IR 61



Estimation

Expectation maximization

@ Set parameters to some initial values
@ Repeat until convergence

o E-step: derive the expectation of the likelihood function
o M-step: maximize this expectation
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Estimation

Expectation maximization

Q) =3 By c) v [IogP (x, c® w)}
sES

= Eqcow [ > (I (X&) =1, P(xY)) = p) log(6c) + T (X&) = 0, P(X{)) = p) log(1 — 95)) + Z}
seS cEs
= Z Z (P (Xéis) =1, P(Xéis)) =p| C<S),\Il) log(6c) + P (XC(I_S) —o, 'P(Xéis)) —p| C(s), “,) log(1 — 96)) +z
seSceEs
Ess(x) = > 3 P (X8 =x, P(x) =p | ¢, w)
seScEs

2Q00) _ 5~ 5~ (P(Xc‘f)zl,P(XEf)):Mc(s),w) P =0 Pl =p ) )) .
96c seS ¢ Es 0c 1—6¢
Jein__ Tses TgesP (X = 1P =p €V, v)
¢
Ties Loes o P (XY = x, Px) =0 | €, w)
 Cees Tges P (X =1l =p 1 w) Ess(1)
Yses Xees P (P(Xc(,-s)) =p|Cl), W) ESS(t)(1) + ESS(1)(0)

AC-IM-MdR Click Models for Web Search and their Applications to IR 63



Estimation

EM for user browsing model

User browsing model: rank of previous click

Qg
'

document u,
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Estimation

EM update rules for user browsing model: attractiveness

0y, (t)

(e+1) 1 (s) oy (A =i )og
T S, 2 (Cu tl-er) 1- B0

rr! PUq

SGSuq

o t — iteration

o Suq — search sessions initiated by query g
and containing document u

S . . .
I cl(, ) _ observed click on document u in search session s
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Estimation

EM update rules for user browsing model: examination

(t+1) Z s) . X s))fyrr,)(l -« t))
et \5,, | u ©,(0)

s€S, 1- Ve Cuq

o S, — search sessions with a click at r’
and no clicks between r’ and r
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Click probs

Outline

@ Click probabilities
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Click probs

Click probabilities

o Full probability — probability
that a user clicks

Yandex ' san francisco .
on a document at rank r

Web

P(C =1) s

an Francisco - Wikipedia, the free encyclopedia

sthe
er of Northern Caiforia and the only consalidated ciy-

o Conditional probability —
probability that a user clicks
on a document at rank r
given previous clicks

- Wikitravel

fece ofthe Bay Area, wel-known for s
beauty, summer og, and great

isco Cw\I Guide | Hotels, Restaurants, Nightlife, Real.

P(C,=1|Cy,...,Cr_1)
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Click probs

Full click probability

_ P(G=1|E =1)-P(E =1)
~ P(C,=1|E =0)-P(E, =0)
=P(A, =1)-P(E, =1)+0

= Oy, q€r

€1 = P(E,11=1)
 P(E =1)-P(Es1=1|E =1)
P(E, =0) - P(E1 =1 E =0)
— ¢, P(Ejy1=1]E =1)40

- P(Ei=1|E =1,C,=1)-P(C,=1|E =1)
N\ P(EL=1E=1,6=0)-P(C=0]|E=1)
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Click probs

Full click probability: Dynamic Bayesian network model

Dynamic Bayesian network model: satisfactoriness

Turrq Qg Turg

] 5 ¢ 5

T,
P
document ;.

doctiment u,

P(E,s1=1|E =1,C =0)-P(C,=0]| E =1)

P(E1=1|E=1C=1)-P(C=1]|E=1
P(Cr+1_1)—au,+1q€r'<+ (Eraa | E r )- P(C | Er ))

1-— .
P( Cr+1 = 1) = Oy, 1q€r * (+( UUrQ)’Y au,q)

’y : (1 - aurq)
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Click probs

Conditional click probability

P(C,=1]|C,...,C1) = P(C,=1|C,)
P(C,=1|E =1,C.,) P(E =1|C.,)
" P(C,=1|E =0,C.,) P(E =0|C.,)
= P(A, =1)-P(E,=1|C.,)+0

= aurqer

P(Er+1:1|Er:17Cr:1)'CI§S)

€ry1 =+ (1 — au,q)

P(E,s1=1]E =1,C,=0)- (1= @)

1—ayq€
(1—0uq)y-c

DBN: P(Cr+1 =1 | C<r+1) = Qu,1q° +’y. 6r(l - au,q) . (1 — C,(S))

1—ayq¢
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Click probs

Click probabilities: summary

o Full probability
P(Cr+1 = 1) =
P(Ejy1=1|E =1,G=1)-P(C,=1|E =1)
Ckuﬂrqur ’
P(E,1=1|E =1,C,=0)-P(C,=0]| E =1)
o Conditional probability
P(Cr1=1|G,...,C)
P(E,;1=1|E =1,C=1)-c®
=Quq | T 6r(]- - au,q)

P(E,1=1|E =1,C =0)-

1— oy qer

AC-IM-MdR Click Models for Web Search and their Applications to IR 72



Click probs

Click probabilities: demo

Demo
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Outline

@ Applications
O User interaction analysis
O Simulating users
@ Approximating document relevance
O Model-based metrics
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Outline

@ Applications
o User interaction analysis

AC-IM-MdR Click Models for Web Search and their Applications to IR 75



Apps

User interaction analysis

o Random click model (global CTR): p = 0.122

o Rank-based CTR:
p1 = 0.429, p» = 0.190, p3 = 0.136, ..., p1p = 0.048

Position-based model:
v1 = 0.998, v = 0.939,v3 = 0.759,...,v10 = 0.260

Dynamic Bayesian network model: v = 0.9997

©

©

Click models are trained on the first 10K sessions of the WSCD 2012 dataset.
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Outline

@ Applications

o Simulating users
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Simulating users

Algorithm Simulating user clicks
Input: click model M, query session s
Output: vector of simulated clicks (c1,. .., cn)

1. for r < 1 to |s| do

2: Pr<—PM(Cr:1 ’ C1:C1,...,Cr_1:Cr_1)
conditional click probability

3:  Generate ¢, from Bernoulli(P;)

4: end for
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Outline

@ Applications

o Approximating document relevance
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Apps

Approximating document relevance

Yandex san francisco Search

San Francisco Travel

Web
sanfrancisco.travel (8] g
mages San Francisco is home! bit of everything. Whether you're a first time visitor or a long- nq nq
time local. This is the pla 'd out about all things San Francisco.

)

San Francisco - Wikipedia, the free encyclopedia

en.wikipedia.org > San Francisco o o

San Francisco (/szen fren'siskouy), officially the City and County of San Francisco, is the u2q uxq
cultural, commercial, and financial center of Northern California and the only consolidated city-

county in California.

+ San Francisco travel guide - Wikitravel a o
wikitravel.org > en/San_Francisco usq usq
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real... QU4q UU4q
sanfrancisco.com
The job market may seel to navigate these days, but employment and career
opportunities can be foun! San Francisco's Financial District and Silicon Valley's...

i City and County of San Francisco aUS q UU5 q
sfgov.org

SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts
and supervisors. District. Supervisor.

PBM, UBM DBN

d their Applications to IR 80
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Apps

Approximating document relevance

©

Clicks are affected by rank => do not represent document
relevance directly

Attractiveness and satisfactoriness do not depend on rank —>
can be used as indicators of document relevance

©

They are used by search engines as retrieval features

©

o Documents can simply be ranked by g, 0ug, OF Qyqouq
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Outline

@ Applications

o Model-based metrics
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Model-based metrics

o Utility-based metrics
Yandex  san ancisco —

Traﬁe\

oo

dia, the free encyclopedia

n
uMetric = " P(C, = 1)U,

r=1

+ San Francisco travel guide - Wikitravel

o Effort-based metrics

@ San Francisco City Guide | Hotels, Restaurants, Nightife, Real.
sanfrancisco.con + | Iy

eMetric = Z P(S, =1)-F, Bo

r=1

o), 1 caroer
J jalloy’s.

\d County of San Francisco

Travel Rosources. . Tablof ks to San Franisco dsricts
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Apps
Model-based metrics

Model-based metric

Click model  Utility-based  Effort-based

DBN uSDBN ERR
DBN EBU rrDBN
UBM uUBM -
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Evaluation

Outline

@ Evaluation

O Likelihood
O Perplexity

AC-IM-MdR Click Models for Web Search and their Applications to IR 85



Evaluation

Outline

@ Evaluation
o Likelihood
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Evaluation

Likelihood

Qo

=S log Py (cl =9 c= c,(,s)>

C, — binary random variable denoting a click at rank r

S - . .
cﬁ ) _ observed click at rank r in a search session s

©

©

P (C, = cﬁs)) — probability of observing cﬁs) in session s

©

P (Cl = cfs), o, Gy = c,(,s)) — probability of observing

(s) (s) :
sequence ¢; ’,...,Cp  in session s
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Evaluation
Likelihood

T Pu (6 = car =)
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Evaluation
Likelihood: summary

LL(M) = ysl\ 3" log Py (Cl = . C = c,,s))

seS

LL(M) = |Sl| 33 log P (c, — e, = c(jZ)

seS r=1
Likelihood measures how well a click model estimates

conditional click probabilities given observed clicks.

LL(M) € [~0..0]
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Evaluation

Outline

@ Evaluation

o Perplexity
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Evaluation

Perplexity

1

po(M) = 27 181 Eses (1082 Pu( =)

Perplexity measures how well a click model estimates
full click probabilities (i.e., when clicks are not observed).

pr(M) € [1..2]
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Evaluation

Perplexity by rank

35- -
3.0 :
25 - :
2.0 - -
1.0 - :
LTI
0.0 - -
GCTR DCTR - CM DCM DBN

BN RCTR PBM UBM m CccM BN SDBN

Picture taken from A. Grotov, A. Chuklin, I. Markov, L. Stout, F. Xumara, and M. de Rijke. A comparative study
of click models for web search. In CLEF. Springer, September 2015
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Evaluation

Evaluation: demo

Demo
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Data&tools

Outline

@ Data and tools
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Data&tools

Datasets

Qo

AOL2006: raw queries and clicked documents (no SERPs)
MSN2006: contains only clicked documents (no SERPs)

Workshop on Web Search Click Data (WSCD)

o WSCD2012: predict document relevance
o WSCD2013: detect search engine switch
o WSCD2014: search personalization

©

()

©

SogouQ

©

Tsinghua University: eye fixation
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http://imat-relpred.yandex.ru/en/datasets
http://switchdetect.yandex.ru/en
https://www.kaggle.com/c/yandex-personalized-web-search-challenge
http://www.sogou.com/labs/dl/q-e.html
http://www.thuir.cn/group/~yqliu/publications/cikm2014-liu.7z

Data&tools

Dataset statistics

Dataset Queries URLs Users Sessions
AOL 2006 10,154,742 1,632,788 657,426 21,011,340
MSN 2006 8,831,280 4,975,897 - 7,470,915
SogouQ 2012 8,939,569 15,095,269 9,739,704 25,530,711
WSCD 2012 30,717,251 117,093,258 — 146,278,823

WSCD 2013 10,139,547 49,029,185 956,536 17,784,583
WSCD 2014 21,073,569 70,348,426 5,736,333 65,172,853
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Data&tools

Software

o Click model packages
o clickmodels project by Aleksandr Chuklin
o PyClick by llya Markov et al.

o Infer.NET

o General-purpose languages

o Octave
o Matlab
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https://github.com/varepsilon/clickmodels
https://github.com/markovi/PyClick
http://research.microsoft.com/en-us/um/cambridge/projects/infernet/docs/what%20is%20infer.net.aspx

Results

Outline

Results
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Results

Experimental setup

o Data

o first 1M query sessions from WSCD 2012 dataset
o 75% for training, 25% for testing
o repeat 15 times, each time with next 1M sessions

o PyClick
o 50 iterations for EM
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Results

Studied click models

Qo

CTR models: counting clicks

©

Position-based model (PBM): examination and attractiveness

()

Cascade model (CM): previous examinations and clicks matter

©

Dynamic Bayesian network model (DBN): satisfactoriness

()

User browsing model (UBM): rank of previous click
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Results

Log-likelihood

0.00
-0.05
-0.10
- -0.15
[<}
o
<
_g_" -0.20
2
= —0.25
-0.30
-0.35
-0.40
RCM RCTR  DCTR PBM cM UsM SDCM  CCM DBN SDBN
o Cascade model: LL = —

o Complex models (DBN, UBM) win over simple ones
@ Many examination parameters win over few: UBM > PBM
o Satisfaction parameters help: DBN > PBM
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Results

Perplexity

Perplexity

RCM  RCTR DCTR  PBM cMm UBM SDCM CCM DBN  SDBN

o Complex models win over simple ones

o Most complex models have similar perplexity
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Results

Perplexity by rank

35- -
3.0 :
25 - :
2.0 - -
1.0 - :
LTI
0.0 - -
GCTR DCTR - CM DCM DBN

BN RCTR PBM UBM m CccM BN SDBN

Picture taken from A. Grotov, A. Chuklin, I. Markov, L. Stout, F. Xumara, and M. de Rijke. A comparative study
of click models for web search. In CLEF. Springer, September 2015
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Results

Training time
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[
RCM  RCTR DCTR  PBM cMm UBM SDCM CCM DBN  SDBN

o MLE is much faster than EM
o PBM and UBM are fast enough compared to DBN
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Adv models

Outline

@ Advanced models
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Adv models

Aggregated SERPs

Google  sanfranciseo 2 |

Maps  News  Videos  More~

‘About 679,000,000 results (0,68 seconds)

San Francisco - Wikipedia, the free encyclopedia
Ntpsilen wikipedia orgwikiSan_Francisco
inclsco (fsn ran'siskou, offaly the Cly and County of San Francisco,
Is the cultural, commercial, and fnancial centr of Norten Calfomia and
Lstof peopl from San - Gansalidted city-county - 1906 San Francisco earinquake

Oaklan

San Francisco Travel | Visitor Information

Daly City

s sanfranciscorav

Wt v e s 3 s s, comenton s

wrave vade, and ravel meda )

Alcatraz - Things to Do in San Francisco - Fisherman's Wharf - Golden Gate Brdge San Francisco
Gty in alfomia

Images for san francisco images San Francisco, in norther California, is a ciy on the tp of a peninsula
sirounced by s P Ocean nd an Frarcic Sy 13 hocun
frte iy racap g, cone G o 1
el o arc oot icionan houses, The FnancalDisicts

ytamia s o most Gsinaie skyscraper.nheoaysts
Aeatras o, of e noronas o

Local tima: Tuesday 12:38
Weather: 22°C, Wind W at 3 kmih, 51% Humidiy

More images for san francisco Gotting thare: 12 h 20 min fight, around CHF 760,00, View fights

San Frﬁnc\scc ley Gulde | Hotels, Restaurants, Nightiife ... Events
IS mmmp o San e o, CA Travel & Tourism Guide specializing In hotels, The Wainurignt Sisters Thy
atiractions, restaurants, real estate, nightlfe and lacal business Information. 18 Feb
$San Francisco Tourist of San Francisco, CA ..
U S oo oo
Points of interest View 10+ more
In the news —
5 z
Twin Peaks shooting victim's family talks o
} aboul recent arrest

‘Sunny weather brings new temperature record for San Francisco More about San Francisco

AC-IM-MdR Click Models for Web Sea

their Applications to IR 106
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Search tasks

WSDM 2016 [ o |

San Francisco n

San Francisco hotels n
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Adv models

Using features

S

Feature description

Term frequency (TF) of body
TF of anchor
TF of title
TF of URL
TF of whole document
Inverse document frequency (IDF) of body
IDF of anchor
IDF of title
9 IDF of URL
10 IDF of whole document
11 TF*IDF of body
12 TF*IDF of anchor
13 TF*IDF of title
14 TF*IDF of URL
15 TF*IDF of whole document
16 Document length (DL) of body
17 DL of anchor
18 DL of title
19 DL of URL
20 DL of whole document
21 BM25 of body
22 BM25 of anchor
23 BM25 of title
24  BM25 of URL
25  BM25 of whole document

0~ DU AW
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Adv models

Beyond clicks

Picture taken from F. Diaz, R.W. White, G. Buscher, and D. Liebling. Robust models of mouse movement on
dynamic web search results pages. In CIKM, 2013. ACM Press
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Neural Click Model (NCM)

Adv models

Why not learn the structure of a click model from data instead of
defining it manually?

‘ USER QUERY
Initialize vector state L
with USER QUERY :]
Update vector state i Predict click on
with DOCUMENT 1 DOCUMENT 1
MRS (Teees) e
i sk\Pped
Update vector state ‘,_»""— Predict click on
with DOCUMENT 2 DOCUMENT 2
— (seeee]
i aicked -
Update vector state 4__«»—“’” Predict click on

with DOCUMENT 3
_—

DOCUMENT 3

%

Models user browsing behavior as a sequence of vector states

(507517527 ..

user as it evolves within a query session.
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Adv models

Neural Click Model (NCM)

An alternative way to model user browsing behavior

Click model Model of user browsing behavior

Traditional  a sequence of observable and hidden events
NCM a sequence of vector states (sg, S1,S2,. .. )

that allows us to learn patterns of user behavior automatically:

Click model Patterns of user browsing behavior

Traditional  need to be specified manually
NCM can be learned automatically
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Adv models

Neural Click Model (NCM)

‘ USER QUERY

Initialize vector state i

with USER QUERY
@ Initialize vector state EXTEXY

L Predict click on

Update vector state
So = I( q) with DOCUMENT 1 o) oocuMENTL

d
SapPed -
@ Update VeCtor State Update vector state L‘__»»/“"/ Predict click on
z/{ . d with DOCUMENT 2 DOCUMENT 2 v
= T
Sr41 = (Sra Ir, r+1) .
L aicked oo
Update vector state " bredict lickon

with DOCUMENT 3 _ DOCUMENT 3 *®
P(Cr+1 =1 | q, ila s ir7 dlu ceey df+1) = f(5r+1)

The mappings Z(-), U(-) and F(-) are learned by maximizing the
likelihood of observed click events.
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Adv models

Neural Click Model (NCM)

Learns regularities in user browsing behavior that
o have been manually encoded in existing click models, such as
ranks and distances to previous clicks (large clusters on
t-SNE projections of vector states s,)
o cannot be manually encoded in traditional click models (small
clusters on t-SNE projections of vector states s, ).

Pictures taken from A. Borisov, |. Markov, M. de Rijke, P. Serdyukov. A neural click model for web search. In
WWW, 2016, to appear.
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Future

Outline

@ Future research
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Future

Future research

o Keep on adding new variables — not a good idea
o Work on the learning phase

o Efficient learning
o Online learning

o Other interactions and environments

o Interactions beyond clicks
o Devices beyond desktop computers
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Outline

@ Recap
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o Click models

o Parameter estimation
o Click probabilities

o Applications

o Evaluation

o Data and tools

o Experimental results
o Advanced models

o Future research
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