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i Mining the Web 2.0
to improve Image Search

Ricardo Baeza-Yates
VP, Yahoo! Research

* Search Environments for Media
— Focused on image & video search
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Agenda

* Motivation: Search
* The Power of Data
* Examples
—Exploiting Flickr Tags
—Using Visual Annotations
—Faceted Image Retrieval
Impacts not only relevance but also the Ul
Concluding Remarks

* Web search is no longer about document
retrieval

— Means for web-mediated goals

* New breed of search experiences

— Demands search ecosystem combining
content with intent

— Exploting the Wisdom of Crowds behind
the Web 2.0



Trends

* User Generated Content
— Massive (quality vs. quantity)
— Social Networks
— Real time (people + sensors)
* Impact
— Fragmentation of ownership
— Fragmentation of access (longer tail)
— Fragmentation of right to access
* Viability
— Business model based in advertising

Search 1s Evolving

* Already, more than a list of docs

* Moving towards identifying a user’s task

* Enabling means for task completion

* New experiences based on the Web 2.0

* Challenges: on-line, scalability



More complete information

Web | Images | Video | Local | Shopping | more v

legal sea foods boston ma

0 for legal sea foods

We have included legal seafoods boston ma results - Show only legal sea foods boston ma
SPONSOR R

Legal Sea Foods Legal Sea Food
Quality mail order seafoods from Legal Sea Foods. Save time and maney Campare Prices and Stores legal
wur shoppingpointer.com sea foo,

shopping.yahoo.com

Legal Seafoods near Boston Legal Sea Foods Boston
local.yahoo.com Find Legal Sea Foods Bostons at

Great Prices
www Pronto.com

1. Legal Seafood - ki
7) 376-4000 - 6 Fid

Ave, Boston, MA

Legal Sea Foods

Find and Gompare prices on legal
sea foods at Smarter.com

Wy Smarter.com

Shortcuts

Zagat ® Online

Join Zagat & Enjoy a Complimentary
Subscription to Gourmet Magazine
i Zagat.com

Boston, MA / Manchester. NH

- E¥ahioa 2008 Dat
Yahoo! Shortcut

Legal Sea Foods - The Standard for Quality and Freshness inthe ...

Legal Sea Foods is a sustainable seafood restaurant chain and mail-ordet business. .. Legal Sea
i D&6 yOUr messade hers

Foods. One Seafood Way. Boston. MA 02210 Powered by Getfused CMS ... See yau messade here

Legal Sea Foods near you

legalseafoods.com

D L k — Legal Sea Foods - The Standard for Quality and Freshness inthe ...

eep 1NKS WA Boston Legal Test Kitchen in Logan Airport. MA- Boston Logan Airport
Foods, One Szafood Way. Boston, MA 02210 Powered by Getfused CIVS ...

i legalseafoods.com/index: cfm/page/Locations-Listing-/pid/11279 -

Legal Sea Foods - Boston MA ® Citysearch com

Get details on Legal Sea Foods - Boston, MA. at Citysearch - over 1 million user reviews &
editorials about local businesses

boston.ci 4

o Yelp Rating Jkk sk (Based on 52 reviews)
o Address: 256 State St, Boston. MA 02109 -

Phene: (617) 742-6300 |

Enhanced RCSUltS wurw yelp.com/biz/legal-sea-foods-boston-4 - 150k

- East Boston - Boston. MA

s Vite Review
« Yelp Rating: A & ¥ (Based on 24 reviews)
« Address: 12 Harborside Dr, Boston, MA 02225
« Phone: (617) 568-1888
yelp.com/biz/legal-seafoods-boston - &

h: Content vs. Intent

Premise:
— People don’t want to search
— People want to get tasks done and get

straight to their answers

I am craving for good coffee and baklava in Thira @
Start » Finish
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How this might work — |

Index time processing:

Business name

Business type=
Food, Greek food

Home page for

“Zrafora Rest, Thiryt”

Address: \_/

Tel: 12345678

/ ] \ Reviews — extracted and indexed

= . under restaurants in Thira

Other pages around the web

How this might work — Il
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ucery stream : Analysis :

Query time processing:

Intent= buy food

Geo= Thira




* We move from a web of pages to a web
of objects

* Objects are people, places, businesses,
restaurants ...

* Objects have attributes
— Missing, noisy, etc.

* Intents are satisfied by presenting objects
and attributes

* Attributes define faceted search

12

How do we get structured

objects/attributes?

* Web Content
— Metadata/Taxonomies/Folksonomies
— Classification/ML/Extraction/Semantic Web

* Web 2.0 & Web Usage
— Explicit & Implicit relations

* Building out an open ecosystem
— Publishers have incentives to contribute

13



The SearchMonkey Ecosystem

Publisher
Content
Submission

Opening search - what does

Web | Images | Video

[artof pizza chicago Search -

The Art of Pizza - Chicago, IL : Citysearch.com

Get details on The Art of Pizza - Chicago, L, at Citysearch - over 1 million user reviews &
editorials about local businesses.

www.citysearch.comiprofile/3735130

The Art of Pizza - Chicago. IL. 60657-3035 - Citysearch
.. information, directions, and reviews on The Art of Pizza and other
Chicago ... The Art of Pizza. 3033 N Ashland Ave. Chicago, IL 606
chicago.citysearch.com/proile.../chicago._ilithe_art_of_pizza.htrmi

Restaurants in

The Art of Pi akeview - Chicago, IL 60857
Ratings: AOIABIA
3033 N Ashland Ave, Chicago, IL
(773)327-5600
H

W acmereviews.com/biz/the-art-of-pizza-chicago - 145k -
The Art of Pizza | Metromix Chicago

This modest storefront eatery's deep-dish pizza was voted Chicago's best by the Tribune. ... Rate
The Art of Pizza ‘its not worth it circuit from logan ...
chicago.metromix.com/restaurants/italian.../140389/content - Cachet

Art of Pizza; Chicago Reader Restaurants: Restaurant Raters' Comments

Artof Pizza. 3033 N. Ashland Ave. Chicago ... Chicagoan, the Art of Pizza is one of the pizzal

greats in Chicago, and a relatively hidden ge. ...
0 s.cqi?numb=:

Art of Pizza on Centerstage Chicago - Art of Pizza : 3033 N. Ashland ...

At of Pizza on Centerstage, Publisher of Honest Info By Chicago, For Chicago ... Eateries lik
Lakeviews Art of Pizza prove that a food lovers paradise can be ...
centerstagechicago.comirestaurants/art-of-pizza. i

XML / AP1/
RDFa /
DataRSS

Yarioo!

Personalized
SERP

SearchMonkey

Templates/
PHP

—

Developer
Tool

Developers

-14-

it mean?

YaHoO!

hi izza Chicago o
Pizza Now - Call Today Chicago
Style, World Class Taste.
dexonline.com/ledos-pizza

Clear win for: developers, site
owners, users and Yahoo!

Nick & Bruno's Pizzeria
Chicago area pizza restaurant
Home of the Monster Pizza.
Nick-Brunos.com

Pizza Place in Chicago
Find & review local restaurants and

Chicago.Citysearch.com Y

Go from “to-do” to ‘“done”’

a Art
Find Pizza Art and Compare prices
at Smarter.com.

. smartor.com

The Art of Pizza - Lakeview - Chicago, IL 60657
... that say they don&#39;t like Chicago deep dish pizza have never had Art of Pizza. ... Top 10
Chicago meals, | would include an Art of Pizza Deep Stuffed ...
www.acmereviews.com/biz/the-art-of pizza-chicago - 145k - Cached

Deep thoughts | Metromix Chicago

. dishes on Art of Pizza ... no proper investigation of pizza in Chicago would be complete ... To
their credit, Art of Pizza did have two plasma-screen TVs for ...
i "

< i N i
.. Reviews, Ratings, Maps and more information for over 2000 Chicago Restaurants. ... friend of
mine spoke highly of the art of pizza so when i visited Chicago | ..

i 0 cuisi

Art of Pizza; Chicago Reader Restaurants: Restaurant Finder Restaurant ...
Art of Pizza. 3033 N. Ashland Ave., Chicago, (773) 327-6600. ... botiom crusts-but the Art of
Pizza's pan crust is crisp and buttery, with only ...

The Art of Pizza Incorporaf hicago, IL : reviews
The Art of Pizza Incorporated, Chicago, IL - reviews, (773) 327-5600. ... Search the web for The
At of Pizza Incorporated in Chicago, IL ...

Chicago Pizza Chicago
dexonline.com/ledos-pizza - Pizza Now - Call Today Chicago Style, Worid Class Taste.

Nick & Bruno's Pizzeria
Nick-Brunos.com - Chicago area pizza restaurant Home of the Monster Pizza.

art of pizza chicago Search

Yahoo! Toolbar is now powered with Search Assist. Downioad it now.

The Art of Pizza - Lakeview - Chicago, IL 60657
i £ tings: EXEIEIERES
3033 N Ashland Ave, Chicago, IL
(773) 327-5600

www.acmereviews.com/biz/the-art-of-pizza-chicago - 1

YaHoO!
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Content and Metadata trends

Content type Amount of content produced per day
Published content 3-4 GB

Professional web content ~ 2 GB

User generated content 8-10 GB

Private text content ~ 3 TB (300x more)

Upper bound on typed content | ~700 TB (~200x more)

Metadata type | Amount of metadata produced per day
Anchortext 100 MB

Tags 40 MB
Pageviews 130 GB
Reviews Around 10 MB

[Ramakrishnan and Tomkins 2007]

Examples

Wordnet
Explicit

@etadata
RDF

Implicit

Scale

ors + links

Wikipedia ODP

Queries+clicks

Private

Quality?




The Wisdom of Crowds

» James Surowiecki, a New Yorker columnist,
published this book in 2004

—“Under the|right circumstances, groups are
remarkably intelligent”

* Importance of diversity, independence and
decentralization Aggregating data

“large groups of people are smarter than an elite few,
no matter how brilliant—they are better at solving
problems, fostering innovation, coming to wise
decisions, even predicting the future”.

Home | Sinnlln Sian In | Helo

- . Mo has incado sesion Iniciarsesion Ayuda
flickr ,

Inicio La visita Crear cuenta Explorar Buscar

Ira: |fira

Explorar / Etiquetas / fira / clusteres

santorini, greece, thim. island. sea.
cyclades, caldera, sunset, oia, church

~p Ver mas en este cluster...

catalunya, barcelona, spain, feria,
catalonia

~p Ver mas en este cluster...

De pssica_halida

TS !

De pssica halida

De jpssica halidh De jpssica halida

De fszica halida De gssica halida



The Wisdom of Crowds

flickr ‘oumrent sianed i Signin Help

Home The Tour Sign Up Explore thira Search

46,119 geotagged items
Sort by: Interesting + Recent

The Wisdom of Crowds

—Crucial for Search Ranking
—Text: Web Writers & Editors
* not only for the Web!
—Links: Web Publishers
—Tags: Web Taggers
—Queries: All Web Users!
* Queries and actions (or no action!)



Tag Mining - Collective Knowledge

* Many users annotate photos of “La
- Sagrada Familia™:

— Sagrada Familia, Barcelona

— Sagrada Familia, Gaudi, architecture,
church

— church, Sagrada Familia
— Sagrada Familia, Barcelona, Spain

* Derived collective knowledge:
— Barcelona, Gaudi, church, architecture

Improving Image Search

unsorted photos

ey — flickr

tag:type
- __—

tag graph

7/

%

tag:type
\/_

tag:type
-

WORDNET
Wikipedia
flickr



TagExplorer

http://sandbox.yahoo.com/TagExplorer
A prototype for browsing Flickr photos
Provides query refinement for ...
— ... drilling in to more specific topics
— ... zooming out to more general topics
— ... side-track to a related topic
* Organizes refinement terms ...
— ... in atag-cloud
— ... groups together semantically similar terms

Dynamic Tag Clouds

* For the user query a list of related terms is presented and
can be used to refine the query (visualized as a tag-cloud)

* The related terms are derived using tag co-occurrence
among 250 million Flickr photos

* The related terms are calculated using a probabilistic
framework using different conditional probabilities to get a
mixture of general and specific terms

Sigurbjornsson and van Zwol, WWW 2008



Semantic Breakup of

Tag Clouds

* Tag-cloud is organized by grouping together tags that have
similar meaning

* The grouping is a two levels
— Where? What? When?
— Locations, subjects, names, activities, time

* The classification of tags is derived using a machine learned
classification of Wikipedia pages

Overell, Sigurbjornsson and van Zwol, WSDM 2009

Tag Mining - Classification

* Assign tag semantics using WordNet broad categories

Unclassified M Location  Artefact or Object ™ Person or Group B Action or Event © Time B Other

g

4

— Eiffel Tower :: artefact

— Paris :: location

— Coverage: 52% of tag volume

13%



Tag Mining — Classification

* Extend this mapping using patterns found in Wikipedia
— Upper bound for coverage: 78.6% of the tag volume
—Based on SVM approach

* Features: Wikipedia templates and categories

* Training data: Wikipedia entries found in WordNet
— Extended coverage: 68% of the tag volume
— Mapping from Wikipedia pages to tags

* Reduces ambiguity in the classification

TagExplorer - Example

TagExplorer T e YAHOO!

Powered by Flickr RESEARCH
Query: santnrinix Help
locations subjects activities You can refine your query using the
b tag-cloud on the left
akrotirit athens™ segean™ island™ islandst travel+ o
. * Usetagto post new query
cycladest europe™ seat sunset time using tag
reecet areckisiands T names honeymoor1+ » Use + to add terms to query
greece ' greek islands
. e o » Use X to remove terms from
mykonos+ oia™ therat greek Ei
Photo Results Photo Details

~ The Heart of Santorini

Taken by: Klearchos Kapoutsis

View photo on Flickr

Tags: heart santorini caldera kapbuc
megalochori eddaba oovtopivn
KUKAGBEDT KA TERT [EyaAoypL
KaAGEpa




Could suggest tags: nice but ....

London Eye Suggested tags

londan
england

uk

river

| eye

south bank
[ big ben

[ night
bridge
12006

London Eye and Golden Jubilee Bridge seen from [ Update annotation ]
Westminister Bridge.

Tag list

london eye, thames,

-33-

Faceted Image Search

Web | Images | Video | Local | Shopping | more =

| brussels Search | Opfons ~ -.}

-

Show only: _| Wallpaper size || Black & White More fiiters

1- 20 of 2,315 140 for brussels - 0

Explore Bruxelles, Belgium .

f Statue of the
Pissing Boy
52 images

700 x 497 | 175k 800 x 600 | 117k JasonV's Trave... flickrcom 1536 x 1024 | 424k
Royal Palace trekearth.com trekearth.com isavetravel.com
403 images

Central Square g . ! | J
71 images P N — . .
brussels jpg brussels grandplace jpg brussels grand place Brussels jpg gre

B Autoworld
41,247 images

couple of days in brussels xmas in brussels ii jpg great market brussels belgium man piss in brussels beigium
Rui M Leal flickreom 785 x572 | 109k gbatistini flickr.com mambol 935 flickrcom
trekearth.com

)

| Place du Jen de
y Balle
456 images

m Europalia
210 images

1 Eelgian Royal
?" #f Museums of Fine m

Done




Diversification of image search results

Topical and Visual diversification

ACM MIR 2008, Vancouver, Canada
WWW2009, Madrid, Spain

Dimensions of Diversity

* Topical diversity
Query: “Jaguar”
¢

* Other dimensions: spatial, temporal, social



Topical Diversity

* Propose: diversification as part of the retrieval
model

— Query Likelihood (full index, tags only)
— Relevance model (full index, tags only, dual index)
* Topics
— 95 topics extracted from Flickr search logs
— 25 ambiguous topics
* Collection:
— 6M public photos from Flickr (Title, description and tags)

Topical Diversity

* Blind pooling, 51.000 images jaguar
judged for relevance.

* Two step assessment:

— Binary relevance judgement

— Sense classification

* Measured inter-assessor e, s i s i, 56
agreement for 20% of topics S e s
— >85% for all topics e  —

Assessad: 3

— most topics >90%

-38-



Topical Diversity — Retrieval Performance

* Unambiguous topics

Model | P@1 P@5 PQ@l0 PQ@Ql5 P@20 P@25 P@50
Query Likelihood 0.747 0.733 0.733 0.719  0.709 0.701  0.667
Query Likelihood (Tags Only) || 0.779 0.749  0.720 0.712 0.703 0.700 0.673
Relevance Model 0.758 0.743  0.720 0.708 0.706  0.699  0.677
Relevance Model (Tags Only) | 0.779 0.726  0.717 0.719 0.714 0.710 0.683
Relevance Model (Dual Index) || 0.768 0.754 0.739 0.726 0.719 0.716 0.680
* Ambiguous topics
Model | P@1 P@5 PQ@10 PQ@l15 P@20 P@25 P@50
Query Likelihood 0.680 0.760 0.720 0.725  0.734 0.744  0.734
Query Likelihood (Tags Only) || 0.800 0.736 0.732  0.720 0.736 0.736  0.734
Relevance Model 0.720 0.760 0.768 0.784 0.788 0.792 0.778
Relevance Model (Tags Only) | 0.840 0.728 0.744 0.741 0.756  0.752  0.735
Relevance Model (Dual Index) || 0.720 0.776 0.768  0.755 0.754  0.760 0.763

Topical Diversity — Distribution of word senses

1.00

0.75

0.50

Sense Distribution

0.25

B primary sense

B secondary sense

Topic

other senses

-39-
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Topical Diversity — Distribution of word senses

Query Likelihood

Query Likelihood (Tags Only)

c
2
]
2 050
o
a
028 r—f\/—_\——\—
0
1 5 10 15 20 25 30 35 40 45 50

Category Title

1.00 = 1.00 -
— primary sense — secondary sense other senses — relevant — primary sense — secondary sense other senses — relevant
075 /\‘A 075 _\
s <
S ]
7} 7]
-8 050 2 o050
o 3
o o
0.25 Q:’-,— 025 /:\’;>C__/—
[ Relevance Model 0 Relevance Model (Tags Only)
1
1.00 - 1.00 =
— primary sense — secondary th — relevant — primary sense — secondary sense other senses — relevant

Precision
o
@
8

1 5 10 15 20 25 30 35 40 45 50
Rank

Visual Diversity

User Query Search Results

Visual
Diversification

Image
Retrieval Engine

-41-

Image
Clustering

Dynamic feature
weighting

-42-




Visual Diversity

* Visual diversity is needed when topical ambiguity is low
* Depends of visual characteristics of images returned
— Dynamic feature weighting
* Capture visual characteristics of the list of images
— Light-weight clustering methods

* (Top-K) Folding, Reciprocal Election

Visual Diversity — Dynamic feature weighting

— Distance to average: 0 i (E- S P B |

* Query: “clownfish”
— Avg. color histogram:

— Color variance: 0.46

Textual ranking (using dual index relevance model)




Visual Diversity — Dynamic feature weighting

* Distance between a and b:

Distance between a and b
according to i feature

Total number of features Variance of distances
according to i feature

-45-

Visual Diversity — clustering of results

Textual ranking (using dual index relevance model)

Top-k folding selection (features: color histogram, edge corellogram)

1.(15) 3.(12) 23.(6) 18.(5) 5.(4)
- % 7§ - <, _| I

»
i

-46-



Boosting Image Retrieval through
Aggregating Search Results based on Visual
Annotations

ACM Multimedia 2008, Vancouver,
Canada

Use Visual Annotations

Flickr allows another kind of annotations (notes)

= Associate text with visual area

* Highly relevant to content ...

— Visual Annotation |edinburgh

B

Sign Up Explore

= Valuable to learn different

the visual representations
of an object

Olivares, Ciaramita, van Zwol. ACM Multimedia 2008



Motivation

Main objective:

Improve retrieval performance by combining
visual annotations, with textual and visual
information

Use visual annotations (text & image) and rank
aggregation to improve retrieval

Content-based Image Retrieval

1. Extract visual features and describe them

— Processed 12,000 images.
— Computed Harris and Hessian features
— Described using SIFT

* Build visual vocabulary

— Clustered SIFT descriptors to create vocabulary of 10,000 words
— Implemented an approximate K-means algorithm

— 3 resulting vocabularies: based on Harris, Hessian and a
combination of those 2 features.

O
O .
k-means Visual
O I A )
AR EEEEEEEE] clustering vocabulary 10k
" oo words

SIFT descriptors




Content-based Image Retrieval

* Image represented as a set of visual words
— Represented in the vector space model
— Similarity measured by cosine similarity

* Spatial distribution more important in images than
in text

spatial
distribution

<wl, w2, w3, w4, .... wn>

cosine
similarity

- <yl,y2,y3,y4,...yn>

Aggregating visual annotations

Borda count [Aslam & Montague]

Visual
Annotations

"coke can" —»




Results: Systems comparison

1 T T
Tags only [T
Visual Annot.
Agg Visual Annot. [N
Visual Annot. + Tags T
08 b Agg Visual Annot. + Tags T
o 0.6 P e
=] \
. p—
wn
. —
Q
&
04
02 r
0

P@1 P@2 P@3 P4 P@5 P@l0 P@l5 P@20 P@25

Document cut-off

Ranking Images on the Web with Clicks, Tags
and Visual Features

Bridging the semantic gap in image
retrieval with user-clicks on images...



Ranking Images with Click Data

Web
] SEARCH fowers

SafeSearch is on (turn off)

Images | Video | Local | Shopping K more »

YA

Image Results

Search

colourtul flowers wol flowers_038.pg
By PictureTakinD... on Flickr 1024 % 76cjl15. 768 | 1715k
e ick com wpliru

Tlowers in the store
By sibhusky2 on Flickr

wurw flickr. com

plum flowers photo
By Pisces Romanc... on Flickr
v flickr com

...of the Tlowers was nice

gentle flowers to wait
By Helendr on Flickr

PSR, I Ny

pictures of flowers but ...
By tdcollins on Fliekr

S R

By JustABigGeek on Flickr

simume Ricler com

Learning from Clicks

Avanced Search
Breferences

1- 18 of about 16,620,370 for flowers - 0.03 sec.

Show: All | Wallpaper - Large - Medium - Small | Color - Black & White

many flowers here
By SuperDavell on Flickr
www flickr.com

fragipani flowers
By whoops vision on Flickr
www flickr. com

12_flowers.jpg
2272% 1704 | 997.1.

www.csube.ca

bettys_Tiowers_. _.8.jng
492 X 500 | 58.5kB
earthlight blogs com

Tlowers_024.jpg
1024x 765 | 186.7kB
woliru

spring flowers and took
By chalkie_colou.. on Flickr
www. flickr.com

raing the Tlowers come
By Road Blog on Flickr

SN

making the flowers stay
By rodah on Flickr

R PR

summer Tiowers around
By ekillian on Flickr

m fali e

-56-

* User clicks give
relative preference

* Clicks at rank 1
ignored

—_

N

* Train and evaluate in
“blocks”

w

(6]

> > > > > >

(o]
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Classification

Two classes: clicked and nonclicked

— Assume they are separable by a hyperplane
* Train on patterns independently
* Binary perceptron

— Averaging: Average weight vector of all models posited during
training

— Uneven margin:
* Clicked class outnumbered by nonclicked class

Perceptron produces a score
— Use the score to rank images in each block

Features: Visual + Textual

* Visual features described earlier

 Tf.idf term weights (query, image) pairs
— Tags
— Title
— Description
— All as one “document”

* Cosine similarity

* Maximum tf.idf score

* Average tf.idf score

* Bias feature is 1.0 for every example

* Scores normalized by column and by row



Accuracy MRR
Retrieval
. 0.4198 0.6186
Baseline
Learned
. 0.4073 0.6104
Baseline
Textual
0.5484 0.7034*
Features
Visual *
Features 0.5805 0.7233
Text + Visual 0.7512 0.8365"

Open Issues

* Data Volume versus Better Algorithms

* Explicit versus implicit social networks
— Any fundamental similarities?

* How to evaluate with (small) partial knowledge?
— Data volume amplifies the problem

* User aggregation versus personalization
— Optimize common tasks
— Move away from privacy issues



The Virtuous Cycle

Explicit

/T6

3 Anchors
\Querie

Wordnet

Modern

Second edition UG sIrETlv7
Retrieyal

coming soon :

¥ 5
o
S

i Questions?

Contact:

Thanks to Borkur Sigurbjornsson, Vanessa Murdock,
Lluis Garcia, and Roelof van Zwol



