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Mining the Web 2.0
to improve Search

Ricardo Baeza-Yates

VP, Yahoo! Research

* The Power of Data

* Examples

—Improving Image Search (Faceted Clusters)
—Searching the Wikipedia (Correlator)
—Understanding Queries (Search Pad)

* Impacts not only relevance but also the Ul

* Concluding Remarks



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
Tags
Pageviews
Reviews

100 MB

40 MB

180 GB
Around 10 MB

[Ramakrishnan and Tomkins 2007]

Examples

Wordnet

Explicit

| Metadata

Implicit




The Wisdom of Crowds

* James Surowiecki, a New Yorker columnist,
published this book in 2004
—“Under the |ight 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 | Sign Up Sign In | Help
Photos: Explore Flickr - Learn More fl ickr
Home The Tour Sign Up Explore | Search

Jump to: |pr=3dc

Explore / Tags / prado / clusters

madrid, spain, museum, mus=o, ar,
surope, musecdelprado, goya, painting, espana

~p See more in this cluster...

verde, cielo, green, campo, nubes, hierba,
sky, azul, flores, primavera

~p See more in this cluster...

paisaje. landscape. naturaleza. natur=

~p See more in this cluster...

cuba, havana, habana. |ahabana

~p See more in this cluster...




The Wisdom of Crowds

— Popularity

— Diversity

— Quality
— Coverage

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

Semantic Breakup of

Tag Clouds

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

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

*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

Sigurbjornsson and van Zwol, WWW 2008
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

N
4

48%

— Paris :: location

— Eiffel Tower :: artefact

— Coverage: 52% of tag volume e

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

* 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

TagExplorer - Example

TagExplorer CRTTT e YAHOO!

RESEARCH

Powered by Flickr

Query: madrid X prado X Help
locations subjects activities You can refine your query using the
; tag-cloud onthe left
barcelona™ espana™ europet atocha™ balboa™ wedding™ zarzuela™ E
" . » Use tagto post new query
;;ar\<+ retiro T @+ spaln"' palacio real™ time using tag
M"' M"‘ M"' » Use *+ to add terms to query
* Use X to remove terms from
query
Photo Results Photo Details

Museo del Prado, Madrid
Taken by: Carlos Reusser M.

Wiew photo on Flickr

Tags: madrid espafia museum spain
museo museodelprado




Could suggest tags: nice but ....

London Eye Suggested tags

[+l landon

[¥] england

[ uk

[ river
Deye

[¥] south bank
[ big ben

[ night

12006
[ Update annotation J

London Eye and Golden Jubilee Bndge seen from
Westminister Bridge.

Tag list

london eye, thames,

Dimensions of Diversity

* Topical diversity
Query: “Jaguar”

* Visual diversity
Query: “Jaguar X-type”

-w'\

* Other dimensions: spatial, temporal, social



Topical Diversity

* 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)

van Zwol, Murdock, Garcia-Pueyo, Ramirez. ACM MIR 2008.

Retrieval Performance

* Unambiguous topics

Model | P@1 P@5 PQ@10 PQ@15 P@20 P@25 P@Q@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 0.768 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@l P@5; P@10 P@l5 PG20 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




Use Visual Annotations

Flickr allows another kind of annotations (notes)

Associate text with visual area

Highly relevant to content Ml | ,

Visual Annotation Edinburgh

Valuable to learn different

the visual representations
an object

Olivares, Ciaramita, van Zwol. ACM Multimedia 2008

Content-based Image Retrieval

1. Extract visual features and describe them

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

1. 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.

k-means Visual vocabulary
OTTTTTTTTT] . II: >
R R RS clustering 10k words

SIFT descriptors




High-level search outline

(1) User performs a query (e.g. "coke can”)
(2) Visual annotations matching the query are selected

High-level search outline

(3) For each annotation, the top k similar
Images are retrieved, using content-based
Image retrieval




High-level search outline

(4) The result lists are aggregated to obtain the
final result ranking

Visual
Annotations

2)
P4

'coke can” —»

(1) S

Evaluation

Hypotheses:

H1: Rank aggregation using visual annotations
will significantly improve the retrieval
performance in terms of precision

HZ2: Tag-based search combined with CBIR using
visual annotations will improve retrieval in terms
of precision



Results: Systems comparison

T T
Tags only R
Visual Annot. ]

Agg Visual Annot

I
H2 Visual Annot. + Tagg
08 o T T Agg-VisuaI Annot.+ Tag -

— |
06 [T~ e R

.

1510Nn

Prec

0 1 1 1 | 1 1 1
P@l P@2 P@3 P@4 P@5 P@l0 P@l5 P@20 P@25

Document cut-off

Application: Faceted Image Search

New User? SgnUp | Signin Help Make Yahoo! your home page Mai

Weh Images Video Local Shopping More

YAHOO,'® |baroelona Search | Opion

& safeSearch: ON Show only: [ | Wallpaper [] Black & Whit=  More Filters

Images

FC Barcelona

barcelona spain jpg casa nudista de aquarium barcelona barcelona parc de |a ciutadella
350 x 350 | 50k ChihPing flickr.com __www.prensal... flickrcom ladigue_99 flickr.com Klaus Dolle -... flickrcom

Ramblas spaindestination.com
145578 image
| Park Guell
% 16457 mages
L Casa Baltio
19,249 images

Sagraca Familia

479,821 imagss

-

FEe. oBa
barcelona seasice hdr sagrada familia barcelona barcelona street barcelona fuente s de montjuic barcelona vista

NikolaT flickr com Nache.85 flickrcom NikolaT flickr.com fountains airways flickr.com

hasaiaunten flickr ram

Barceloneta
75,139 images




Bridging implicit and explicit metadata

o About Wikipedia Pablo Ruiz Picasso (October 25, 1881 — April 8, 1973), Pablo Picasso
= Commurity portal often referred to simply as Picasso, was a Spanish painter

= Recert changes and sculptor. His full name is Pablo Diego José Francisco

®  Cortact Wikipedia de Paula Juan Nepomuceno Maria de los Remedios

w Donate to Wikipedia Cipriano de la Santisima Trinidad Clito Ruiz y

= Help | | Picasso.["l One of the maost recognized figures in 20th

o century art, he is best known as the co-founder, along with

I— Georges Brague, of cubism.
Go | Search |

toolbox
w What links here Biography [edit]
= Relsted changes
= Upload file Pablo Picasso was born ithe first child of
= Special pages José Ruiz y Blasco and Mara Peasso v Lipez. He was
u Printable version christened with the names Pablo, Diego, José, Francisco de
= Permanert link Paula, Juan Mepomuceno, Maria de los Remedios, and "
w  Cite this article i T S > PFicaszo (January 1962)
Cipriano de la Santisima Trinidad.®! Picasso's father was a
languages painter whose specialty was the naturalistic depiction of birds Birth name bl Dicon Jase Fiancisco
w Aftikaans and who for most of his |ife was also a professor of art at the deFaussuanicpomuzeng
B Al School of Crafts and a curator of a local museum. The young Meris dejos Reinedias
= arEr Picasso showed a passion and a skill far drawing from an Spane e el
= Ban-lam-od early age; according to his mother, Bl his first word was "piz,” B e el

: :ro:::::;g a shattening of 3piz, the Spanish word for pencil ™ It was BHiz yRiRssD

iy =S from his father that Picasso had his first formal academic art Born Ociober' 23
s training, such as figure drawing and painting in oil, Although 2L Malaga, Spain

» Cosky Picasso attended art schools throughout his childhood, often Died Spril 5, 1973 (aged 91)
& Cymrasg those where his father taught, he never finished his B 1 Mousing, France
= Danzk college-level course of study at the Academy of Arts

Language, Text, Search & “Semantics”...

{Person, Painter, XXth Century} , City-in-Country

Semanticy born-in

A

NLP | #£o ¥+ CEEES £E5 %80 GEXE BGE/ELE ©- L C
PER

. MAlBgE A YEo

+£¢ ¥+ CEEED £E (¥r© ©O XE £g£, EX£ O©.

Text _ : i :
Pablo Picasso was born in Malaga, Spain.




Extending metadata

Pablo Picasso  was born in
PER

E:PERSON

artist:name

GPE:CITY GPE:COUNTRY
artist:placeofbirth artist:placeofbirth

nost artists are persons, than let's assume adtsdre persons.
\gmost places of birth are locations, then let's assuireral

describes, = T T~ -7 TSN
— = =, conll:PERSON )

fconll:LOCATION Y

-~ yN _*_ -
N4 range ,’
wikiPageUses\emplate “ type // | type
,
/7 1

Vs
] artist_placéofbirth -
Pablo_Puw Spain
artist_placeofbirth
Malaga

Entity Containment Graph

Wikipedia
search
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Example: Picasso

BT
I[\SE-IW%"‘ 18
1952 Louis Aragon
Jean
Pau' .ward
200r
Infernal Machine
Do anguez Andr-Breton
LesHall s %
1860
: 1918
¥ . uri
e L s Faris
X .o 4
N : 1989 Marseille
4
1805 1940

:nri Rousseau

A 10 Braakiyn
e
4
L America
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Pl o~
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Correlator

Nusch

Maria Benz

France
&

=1

J=neira
Germaine Pichat » i
Di Cavalcanu ;
157
1801
raz Paulo Biennial
Man Ray
1934 e
192¢
1923 g
1348
lbrahim Kodra
1953
1999
1950
1944
PabloPicasso
Gilat
o 1827
s LesNoces
Picasso b . . Buen Retira
1905 2 18734 Franoise Gilot i
a8

by Maugins
197 Gergude Sten
s

Le Mystre Picasso  gar

I - Francois Gilot
R Cannes
1955 1973
1971 Courbet

1961 Khoklova
1498

* URL: correlator.sandbox.yahoo.com

* Find relations in the Wikipedia
— Relate entities: names, places, dates
— Change the result interface

* If the query is not an entry in the wikipedia
— Synthetic page is created

competitive quality

Based on linear time natural language parsing and

Zaragoza, Attardi, Ciaramita, Atserias, Castillo, Mika, Surdeanu,

-33-



Correlator - Examples

-34-

1

Correlator ... v

Overview page

" Search

* For topics without a

Art Daco was s pepulsr internations| design movement fram 1P&: /ikagen! ), is @ ity inthe stats of Hlinois and
1932 until 1939, affzcting the decorative arts such a= zrgestin the Mld est, With its population of over 2.9

- - . th
architecturs, interior desian, and industrial desion, as well as million people lacated almost entirely in Coak County {2
uch 35 fashion, painting, the graphic arts, and portion of the city's O'Hare International Airpart averlaps
1 Flm, This mavemantwas, in & sense. an amaigam of many inte DuPace County), Chicage is the third [srgest city in the
Corre I ato r Creates a ments of the early 20th centurv United States. The population of Chicaga's metropolitan arsa,
. . curing the Roaring Twanties and continued stronaly in the lzrgest metropolitan ares jn the U.S, Chicago has been
1] 7 United Stares through the 19303, Although many desian classified 55 an algha world city for it= worlds
synthetic page” wi e e e

5.7 million
people in linais i , making it the thi

ArtDeco was pursly decorative, At ths Gime, this style wae
Seen as elegant, functional, and ultra moderm: Chicago was incorporated as = city in 1837, Its location at

1 1 the site of 2 porrage between the Great Lakes and the
an overview o e topic e sl e Lo e i
.. Califarnia Art Deco SocietyChicago landmarks , Art Deco Today, Chicago is = major transportation hub, a5
Srchitecture tourFrance -- The Bibliographical Saciety of the business, financial, and cultural capital of the Midwsst.
University of Virginia presents Illustrations for The Art Deco
Book in France , by Garden N. Ray , Edited by G, Thomas

Query: “'Tansellz.‘l. ) B W Chicago: View full article
art deco chicago

Category: 1930 architecture

° S nth etl C a e . W Merchandise Mart: Massive in its construction , and serving as 8 manument ta early 20th century merchandising and
y . Siactire, tha aetdaco andmaric snchors the cayeims siylins ot the juncs.n of the Chicago var branches |, Szcond only
F B R e ot e e Shomiiig Tat oA woe the FILIT iy Biorsoetin Tabs
A Pl N TRk BT A | ok Sae e, e e me Bk & 5

complated in 1931 , ana built in the sam= art deco styl= 25 t
miltion anc 38 million

Defines Art Deco s N

scale

Iding: The current structure is known for its art dEm ar(h\te(turz 1 sculptures and large-
Stane carving ; as well a5 |arge trading foors A three-story art deco statue of Cere: = of grain , caps the building . .. The
project includad restoration of the main labby to emphasize the design featurss of the art dm era, elevator modernization | facada
renovarion and cleaning , and the continuad rencvation of upper floor corridars and hallways

Defines Chicago o B e s by it o i S Yo G s

e R T s R | v A e e o
Shows relations
Category: Skyscrapers in Chicago
between Art DECO AN | woicamo sosed of Tras Buttng: s s s s v s e s s, s st

R Siane canving; a5 well a5 larga trading Aoors A three-story art dem)tatuzarctrzs goddess of grain , caps the building . =
pm]dmcmka restoration of the main mm to emphasize the design features of the ort deco clevator modermization , facade
icago e e R S L S S
nal Bank Building: La5alle National Bank Building ( formerly knu wn as the Field Building ) is an art deco
n the LaSaliz Strase carridor in the Laop community araa of Chicago , liin \The conztruction of LaSallz National Bank

Bullding was complered 1934 as a S35 feet ( 163 m ) 45-story skyscrapes on S Clark Gt Chicago , U.S.A, The architect was
Graham , Anderson , Probst & White ,

41330 srchitecture: Wisw more entries from this cat=gary

W Feur Seasons Hotel Chicago: Four Szazons Hotsl Chicago will soon underga i
French Art Deco design to the structurz, patterned after 3 1930s style

first renovation . The renavation will provide a

JSkyzcrapers in Chicago: View more entries from this categary




Step 1: Definitions of query concepts

* Parse query using Wikipedia titles and redirects
— nyc parks => “New York City” parks
— art deco chicago => “Art Deco” Chicago

* Display first paragraphs of each from each concept’s
Wikipedia page and sentences connecting the concepts

Step 2: Relations between query concepts (1/2)

* Retrieve related sentences
— Output: Ranked list of sentences
* Aggregate sentences over Wikipedia pages
— Page score is the sum of the score of its sentences
— Output: Ranked list of pages
* Aggregate pages over Wikipedia categories
— Each relevant page votes for its categories
— Category score is the sum of its votes

— Output: Ranked list of categories containing releva nt
pages



Step 2: Relations between query concepts (2/2)

Synthetic page — another example




Yahoo! Quest

Queries as implicit tags

R. Baeza-Yates: “Graphs from search engine querS&FSEM 2007.




Click Graph

Query-reformulation types

Correct Specialize

barcelona

Specialize
cheap barcelona hotel
Generalize

Generalize
— T
@ @arcelona hote}
luxury barcelona hotels
Parallel move

Specialize

Rieh, S. Y. and Xie, H: “Analysis of multiple quergformulations on the web”. IPM 2006



SearchPad

Research Session

What are the characteristics of a research session?

Possible scenarios:
—Buying a house
— Migraine treatment
— Piano tuning

Need for taking notes and remembering past actions and
decisions

Detection using machine learning



Implicit Folksonomy?
Implicit Knowledge? Web slang!



Experimental Evaluation

Cligues & articulation points

_48-



Hierarchical Clustering

Hierarchical Clustering



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

So what's next?

We are far from being done with innovation in sear  ch engines
* Possible future
— The new frontiers: front-end and user experience

* The most probable reason for users to switch betwee n
guasi-equivalent engines is a better user experienc e

— We still don’t understand well information needs
(will we ever? brain electrodes don’t work )

— New search: contextual content delivery

* Large scale usage data is key to getting there BUT



Three major conflicting factors

Usage data at a very large scale

More data over longer periods of time brings more i nsights
<
Contextualization N [ Privacy
More data via larger Over personalization endangers
communities, makes data less privacy

personalized Contextualization doesn't

wisdom of crowds does not
work well on small corpora Long-term logs endanger
privacy

Contextualize the task: query intent detection

The Virtuous Cycle

Explicit
Metagata

_Te
Anchors

N
\Querie




Second edition
coming in 2010

Questions?

Contact:

Thanks to Carlos Castillo, Francesco Bonchi, Debora Donato,
Yoelle Maarek, Peter Mika, Borkur Sigurbjornsson,

Roelof van Zwol, Hugo Zaragoza



