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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 (Flickr)
—Searching the Wikipedia
—Understanding Queries (SearchPad)

* 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 100 MB

Tags 40 MB
Pageviews 130 GB
Reviews Around 10 MB

[Ramakrishnan and Tomkins 2007]

Examples

Wordnet
Explicit

@etadata
RDF

Implicit

Scale
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The Wisdom of Crowds

* James Surowiecki, a New Yorker columnist,
published this book in 2004
—“Under thejright l:ircumstances, 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: |prado

Explore / Tags / prado / clusters

madrid, spain. museum, mus=o, ar,
europe, museodelprado, goya, painting, spana

~p See more in this cluster...

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

¢ See more in this cluster...

paisaje landscape. naturaleza. naturs

~p See more in this cluster...

cuba, havana, habana. lanabana

~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

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 madrid prado || SEARCH | YAHOO!

Powered by Fiickr RESEARCH
Query: Ldridx mx Help
locations subjects activities You can refine your query using the
w+ m+ MIE-'- atocha™ balboa™ wetdinat Farzusiat tag-cloud on the left
ier"' m-k @+ Spain"' palacio real+ time - Esii;_ig;o RONTIE, SRty
toledo+ M"‘ M"' + Use -+ to add terms to query

s Use X to remove terms from
query

Photo Results

!

Photo Details

Museo del Prad

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

“llondon

[¥] england
Mluk

[ river
Deye

[¥] south bank
[ big ben

[ night

I8 1-1'; "

(12006
[ Update annotation ]

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”

= 7,‘;_ . ‘I“l

* 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@l1 P@5 P@l10 P@l5 PQ@Q20 PQ@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@l P@5 P@10 P@l5 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




Use Visual Annotations

Flickr allows another kind of annotations (notes)

= Associate text with visual area

* Highly relevant to content ...~

Home The Tour Sign Up Explore

— Visual Annotation |edinburgh

= Valuable to learn different

the visual representations
of 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
2. 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.

I
I
k-means Visual vocabulary
I >
O 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

(2)
P4

'coke can” —»

(D e

High-level search outline

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

Visual

(2)
P4

'coke can” —»

(1)




High-level search outline

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

(2)
P4

'coke can” —»

(1) S

Evaluation

Hypotheses:

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

= H2: Tag-based search combined with CBIR using
visual annotations will improve retrieval in terms
of precision



Results: Systems comparison

0.8 |

“Agg:

T T
Tags only | |
Visual Annot. ]
Agg Visual Annot. [
Visual Annot. + Tags 5

Visual Annot:+ Tags

18101

.

Prec

0.2 r

0
P@l

P@2 P@3

Document cut-off

Bridging implicit and explicit metadata

= About Wikipedia
Community portal

s Recent changes

= Contact Wikipedia
= Donate to Wikipedia
= Help

search.
|—
Go | Search |

taolhox.
= What links here
= Relsted changes
= Uplosd file

®  Special pages

= Printable version
= Permanent link

w  Cite thiz article

languages.

» Afrikaans
B da el

= FAEET

= Bén-Em-go
= Bozanski

= Brezhoneg
®  Ewnrapcku
= Catald

] éesky

B Cymraeg

®m Dansk

Pablo Ruiz Picasso (October 25, 1881 — April 8, 1973),
often referred to simply as Picasso, was a Spanish painter
and sculptor. His full name is Pablo Diego José Francisco
de Paula Juan Nepomuceno Maria de los Remedios
Cipriano de la Santisima Trinidad Clito Ruiz y
Picasso.["! One of the most recognized figures in 20th
century art, he is best known as the co-founder, along with
Georges Brague, of cubism.

Biography (echt] |

Pablo Picasso was born i@ Malaga, Spain) the first child of
José Ruiz y Blasco and Marda Peasso v Lipez. He was

christened with the names Pablo, Diego, José, Francisco de
Paula, Juan Mepomuceno, Maria de los Remedios, and
Cipriano de la Santisima Trinidad. ! Picasso's father was a
painter whose specialty was the naturalistic depiction of birds
and who for most of his life was also a professor of art at the
School of Crafts and a curator of a local museurn. The young
Picasso showed a passion and a skill for drawing from an
early age; according to his mother B his first word was “piz,”
a shattening of fapiz, the Spanish word for pencil ™ It was
frarm his father that Picasso had his first formal academic art
training, such as figure drawing and painting in oil, Although
Picasso attended art schools throughout his childhood, often
those where his father taught, he never finished his
college-level course of study at the Academy of Arts

P@4 P@5 P@10 P@l5 P@20

P@25

Pablo Picasso

Picazzo (January 1962)

Birth name Pahlo Diego Jozé Francisco
de Paula Juan Mepomuceno
Matia de los Remedios
Cipriana de la Sartizima
Trinidad Martyr Patricio Clito

Ruiz v Picasso

Born October 2

S Malana, Spain

Died April S, 1973 (aged 91)
B B tougins, Francs

.27-
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Language, Text, Search & “Semantics”

{Person, Painter, XXth Century} City-in-Country
T, 3 {etc., etc....}

Semantics born-in .
NLP +£;#¥ +8cfEED MELE ;¥r© 80 X£#£gf, E+£50.

PER
IR mbgrgscassa
xﬁaﬂgﬁﬁbﬁ&s@

Text +£,#¥ +8cL£EEDd MLE ,¥r© 80 Xf#£gf, E+£350.
Pablo Picasso was born in Malaga, Spain.

-29-

Extending metadata

Pablo Picasso was born in P
PER
E:PERSON GPE:CITY GPE:COUNTRY
artist:name artist:placeofbirth artist:placeofbirth

If most artists are persons, than let’s assume all artists are persons.
If most places of birth are locations, then let’s assume all are.

-y -

describes ~ ~ -

—f \ S
-- conll:PERSON {conl:LOCATIONy
= -~ - - < 7 — -
’ range T
wikiPageUsesTexgplate ,/type /’ 1 type
7’

/’ |

Pablo P artist_placebbirth ©
ablo_ 1cy pain
artist_placeofbirth
Malaga

-30-



Entity Containment Graph

Wikipedia
search

Sentences

—— __oPablo Picasso
#Ioe T__.""_‘:_"-- oGertrude Stein
siD3 %

OF'icasso

< 1906

ol . glctober 1881
siD9 ==

e()t:l-:)ber 25, 1881

-31-

Example: Picasso

N 1977
e 1852-11-18 'anzira
1052 Germaing Pichat = 2
1952 couis Aragan a il Di Cavalcan. i
a V05
Jean i i [ i 1y
& Paul 'ard 1 s a 1924 3 Paulo Biennial
Nuszh Man Ray 2 s N
2000 ] B 1334 T A A
Infernal Machine i Maria Benz ” g a
T > France ] (i N " ) \
Dor inguez Andr Bretan a 1948 4
Les Hallr s i & 7 Ibrahim Kodra i
i s
a * i 3 . 1953 -
1960 4 4 ; 1999 4
. A faya * 950 ° 4 R
aurin 8
Faris ) . > . (544 S
Y P
1982 WMarseille PabloPicasso & L "
3 L i Gilot
1905 1940 a4 o
s T
4 a = + LesNoces 1421
Y £ Picasso Buen Retiro
: G 1908 . 19734 * Francise Gilot
s s 2 1881
4 i Maugins
'nr Rousseau B i 5 197Garguds Stein
; 108 Braakiyn 4 1 4 Le Mystre Picassa  ygar
4 A £y
Y A N :
America / L Camgrsamms Gilot
- 4 2 1955 1973 )
R0 yg7y Courbet E
o 19681 Khoklova
e & 1998
- errrvever & s
B
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Correlator

* 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

* Based on linear time natural language parsing and
competitive quality

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

-33-

Correlator - Examples

1905: While spacetime can be viewed as
a consequence of Albert Einstein &#

While spacetime can be viewed as a
consequence of Albert Einstein 's 1905
theory of special relativity | it was first
explicitly proposed mathematically by one
of his teachers , the mathematician
Hermann Minkowski |, in a 1908 essay
building on and extending Einstein 's work .

_-_k as named  Ferson of ihe Gantury.
@ 1905 Whike spacetime can be viewed as a consequence of Albert Einstein &# @ 1918; He married Esther Einstein ( b. ca. 1888 , Austria/Galicia ; imm. ca, 1891 &
@ 1907: on the heat capacities of salids with quantized energy kvels by Albert @ 1921: He was fascinated by the theories

@ 1915: Fick in 1911 introcluced Albert Einstein to the work of Italian math
@ 1917; Albert Einstzin | in his paper Zur Quantentheorie der Strah
@ 1923 Einstein , Albert .
@ 1924 , together

1933' .IIi .IHI I.III | .I

[Timeline & SIMILE B

Events in the timeline
1879 - 1955
{From W List of mathematicians { E ) "Einstein . Albert | Germany/USA , 1879 - 1955 '

(From W List of Swiss Americans) "AlbertEinstein | 1879 - 1955 ) theorstical physcist widely regarded as the most important scintit of the 20th century and ons of
EiE e e e




Overview page

a1 | More

Correlator ... vuq,

et

Raprt

* For topics without a
p Art Deco was 3 pepularinternations| dasign movement fram Chicago (IBA: /fkazgon/ |, is = city in the stare of Ilinois and
1932 until 1939, affecting the decorative arts such as the largestin the Midwest, With its population of aver

Wikipedia page,
Correlator creates a
“synthetic page” with

architecturs, interior design, and industrial design, as well as
the visual arts such as fashmn painting, the graphic arts, and
fil ==, an amzlgzm of many
rent styles 2 = mEnts ofthe early 20th century,
including Constructivism, Cubism, Modsrnism, Bsuhaus, Art
Nouveau, and Futurism. It= popularity d in Europe
Zuring the Roaring Twentiss and continusd stroncly in the
United States through the 19305, Although many desicn
movements have political or ph h roots or intention:

Art Deco was purely decorative, At ths tims, this styls was
seen as elegant, functional, and ultra modern.

.. California Art Deco SocistyChicago landmarks , Art Deca
architecture taurFrance -- The Bibliographical Sacisty of the

million people locted slmost entirely in Cook County
portion of the city’s O'Hare International Alrpart overlaps
inte DuPage County), Chicage is the third Iaraest city in the
United State:
which covers several counties, contains aver 8.7 million
peaple in iinais, Wisconsin 2nd Indiana, making it the third

largest metrogoh:an srez in the U.5, Chica
classified a5 an alpha world city for it= w

influence.

Chicago was incorporated as 2 city in 1837 Its locsrion at
the site of 2 portags betwesn the Great Lakes and the
River ed; aided the city's rapl
Today, Chicago is 3 major transpartation hub, 2
business, financial, and cultural capital of the M|

The populztion of Chiczga's metropolitan area,

a University of Virginiz presants Tllustrations for The Art Deco
O |C Bk in Franio:s by GardanN: Ray s it by 8. Thitnas
Tanselle ..

. Query:
art deco chicago

* Synthetic page:
Defines Art Deco
Defines Chicago

Shows relations
between Art Deco and ==

Wehicago: view full article

Category: 1920 architecture

W Merchandise Mart: Massive in its construction . and serving as a menument to early 20th century merchanmsm; and
architecturs , the ark deco lzndmark anchors the daytime skyline st the junction of the Chicago River branches , ... Sec
Holzbird & Raat in Chicaga art deca architecture , the firm had 2 lang-standing relationship with the Field
completed in 1931 . and built in the sam= art deco style a3 tha Chicago Board of Trads Building . its cos
million and £ 38 millien

w ng: The current structure is known for its art deco architecture , sculptures and lar
Stone carving ; a5 well 35 |aras trading fioors .A three-story art deco status of Ceres ofgrain , caps the building . ., The
project includsd restoration of the main labby to smphasize the desicn features of the ark deco era , elevator modemization | fagade
renovation and cleaning , and the continusd renavation of upper floar corridars and hallways .

= reported as both § 32

scale

W Grace Bu fthe Chicago

ng (:
Tribune—the Bm\nm: was of the art deca architactura

Sydney): Inspired by the Gothic revival-modernist Tribune Towar in Chicago-the headquarts
le and had stat-of-the-art innavations and facilities for the ti

530 architecturs: Visw mare sntries from this categary

Categnrv Skyscrapers in Chlcagn

W Chicago Board of Trade Buildi The current structure is

story art deca s

known for itz art daco architecture , sculptures and larg
f o The
ricluded restoration of the main labby to emphasize the design features of the ark deco era , elevatar modernization , facade

the building

af grain

tion and cleaning . and the continued renovation of upper floar corricars and hallways .

. W LaSalle National Bank Bi Idlng LaSalle National Bank Building { formerly knovwn a5 the Field Buildin art deca
ding i the Loop community area of Chicago, Illin SA . The construction c.LaSsllemmcns\ Bank
Building waz complaze_ T34 an s 595 fest [ 169 m ] 25 tory skyscraper on 5. Clark Street in Chicage , U.5.4, rehitect was

Graham , Anderson , Probst & Whits .

W Four Seasons Hotel Chicago: Four Sezzons Hotsl Chicage will soon undergo it rencvation . The renovation will provi

French Art Deco design to the structurz , patterned after 3 1930s style

icago: View more entries from this category

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

Art Deco

Art Deco was a popular international design mowvement from

Chicago

Chicago [[PA: /fika:gou/ ). is a city in the state of Illinais and

1932 until 19323, affecting the decorative arts such as
architecture, interior design, and industrial design, as well as
the wisual arts such as fashien, painting, the graphic arts, and
film, This mowement was, in a sense, an amalgam of many
diFfErEnl: styles and movements of the Earl',.r 2oth cenl:ur',r.

MNouweau, and Futurism, II:s popularity peaked in Europe
during the Roaring Twenties and continued strongly in the

United States through the 1330s, Although many design
maowvements have palitical or philasephical rects or intentions,

Art Deco was purely decorative, At the time, this stwle was

seen as elegant, functional, and ultra modern.

.. California Art Deco SocietyChicago landmarks , Art Deco
architecture tourFrance -- The Biblisgraphical Society of the
University of Virginia presents Illustrations for The Art Deco
Book in France , by Gordon N, Ray . Edited by G. Thomas
Tansellz .

_W'Ar‘t Deco: View full article

the |argest in the MId\\ESt. with its population of ower 2.8
millicn people lacated almost entirely in Cook County (2
portien of the city's O'Hare International Airport overlaps
into DuPage County), Chicage is the third |argest city in the
United States, The population of Chicage's metropelitan area,
which covers several counties, contains owver 5.7 million
pecple in Illincis, Wisconsin and Indiana, making it the third

largest metropalitan area in the U5, Chicago has been
classified as an alpha werld city for its wor awiae economic
influence.

Chicago was incerporated a5 3 city in 1837, Its location at
the site of a portage between the Great Lakes and the

Mississippi River watershed, aided the city's rapid growth,
Today, Chicago is a major transportation hub, as well as the

business, financial, and cultural capital of the Midwest.

Wiew full article

36-



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 relevant
pages

-37-

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

Category: 1930 architecture

W Merchandise Mart: Massive in its construction , and serving as a monument to early 20th century merchandising and
architecture , the art deco landmark anchers the daytime skyline at the junction of the Chicage River branches . ... Second only to
Holabird B Root in Chicago art deco architecture , the firm had a long-standing relatienship with the Field family .Started in 1928,
completed in 1931 , and built in the same art deco style as the Chicago Board of Trade Building , its cost was reported as both 5 32
millien and £ 28 millien .

W Chicago Board of Trade Building: The current structure is known for its art deco architecture , sculptures and large-scale
stone carving , as well as large trading floors .A three-story art deco statue of Ceres , goddess of grain , caps the building . ... The
praject included restoration of the main labby to emphasize the design features of the art deco era | elevater modernization | facade
renowvation and cleaning , and the continued renowvatien of upper floor corriders and hallways .

W Grace Building (Sydney): Inspired by the Gothic revival-modernist Tribune Tower in Chicago—the headquarters of the Chicago
Tribune-the building was of the art deco architectural style and had stat-of-the-art innovations and facilities for the time .

11330 architecture: View more entries from this category

Category: Skyscrapers in Chicago

W Chicago Board of Trade Building: The current structure is known for its art deco architecture , sculptures and large-scale
stane carving , as well as large trading Hoors \A three-story art deco statue of Ceres , goddess of grain , caps the building . ... The
project included restoration of the main lobby to emphasize the design features of the art deco era , elevater medernization | facade
rengvation and cleaning , and the continued renovatien of upper flaor corriders and hallways .

W LaSalle National Bank Building: LaSalle National Eank Building [ formerly known as the Field Building | is an art deco
building in the LaSalle Street corridor in the Leop community area of Chicageo . Illinois . US& . The construction of LaSalle Mational Bank
Building was completed 1934 a5 a 535 feet | 163 m ) 45-story skyscraper on 5. Clark Street in Chicago . U.5.4, The architect was
Graham , &nderson , Probst & White .

W Four Seasons Hotel Chicago: Four Seasans Hotel Chicago will soon underga its first renavation . The renovation will provide a
French Art Deco design to the structure , patterned after a 19205 style .

ISloyscrapers in Chicago: View more entries from this category

-38-



Synthetic page - example

Category: Dinosaurs of South America

s dinosaum

. one of the Ergest I—.nu‘mu .:alni-

W Herrerasaurus; Herrerasaurus ( meaning ~ Herrera 's lizard , * after the name of the rancher who discovered the first fossil of the animal | was ane of the earliest
0 W i further supparted by ichnolegical records showing Erge tridacty| footprints that can be attributed only to & the ropod dinosaur , dating from the
Ladinian | r,1; e Triassic ) of the Los Rastros Formation in Amgentina and precating HP||-=|“.3_au|L|u b\« 3 1o & million years \ The importance of Herrerasaurus and Eora

lies in the fact that their remains allow for directly testing the idea of dinosaurs being & monophy . all dinosaurs have a common ancestor .

W Unaysaurus: It was recoversd from the red beck of the Santa Maris Formation ( aks known as the Caturrita Formation ) , which is the geclogic formation where
simikarly cid dinosaurs like Saturnalia have been found  The cldest dinosaurs in the workd are from here and nearby in Amgentina | like the Eoraptor ) , which suggests that
the first dinosaurs may have originated in the area

W carnotaurus: Carnotaurus ( pronounced  kamos'taras/ KAHR-noh-TAWR-us ; meaning * meat-bull ", referring to its distinct bulklike horns | Latin carne = flesh +
Greek taurcs = bull ) was a lrge predatory dinesaur, with horns vaguely resembling a bull's .Carnotaurus lived in Patagonia ; Argentina during the Maastrichtian stage of
the Late Cretaceous | and was discovered by Jose F. Bonaparte | who has uncovered many other bizarre South American dinosaurs | .. Together | these dinosaurs form
the subfamily Carnctaurinae in the family Abelisauricas

3 'Eorapior' Eoraptor was one of the workl 's earliest dinosaurs | .. Early dinosaurThe bones of this primitive dincsaur were first discovered in 1581 | by University of
tolbgiEt Paul Sereno , in the Ischiguaksto Basin of Amentina

£ AHR-ji-ro-SAWR-us ) meaning 'Siker lizard' | because it was discovered in Argentina , which i
{ Gresk argyros meaning siver 'and sauros meaning lizard' | was a genus of herbivorous titancsaurid dinosaur that lived about 70 million
.n:n:l af ..lh..ll B oy ._\CIIINI America | Algemmann-j Uruguay | It was one of the Brgest dinosaurs , having a heightof 8 metres |,

= saumpod dinosaur genus that was am

q the Emest Bnd animake thatever
= ntinosauris s feqllJ|=J|J| mln—nll,- in the permanent Ekhlhllrlll uram.., of Ih— r\'1P\.v' ic at Fernbank Mussum of Natural History in Atanta . Georgia | USA, This
ricph-r depicts a hy pothetical encounter between Argentincsaurus and the carnivorous theropod dinosaur G iganotosaurus . ... At 123 feet long | this skeketal reconstruction
represents the Argest dinosaur mount ever to be assembled

W Neuquensaurus: Neuquensaurus | meaning ~ MNeuquén lizard " | was a titanosaur sauropod dinosaur that appsared in the: Late Cretaceous , 71 milion years @
: Uriigiisy in South Ameriza Thie dinosaurwas 10-15 meters ( 34-51 feet ) long | and & believed fo have poesessed armor-like ceteaderms

Genyodectes ( Woodward , 1901 ) & a genus of ceratosaurian theropod dinosaur from the Lower Cretaceous of South America . The holotype material
ok La Plta , La Plata . Argentina ) was colected from the Cafiadén Grande , Departamenta Pasode Indies inthe Chubut Province of Argentina and

consists -:nhn Incomplete snout |, including the premaxilae | portions of both maxilas . the rightand Eft dentary , many teeth | a fragment of the Eft spkenial  and parts of the
supradentaties

Queries as implicit tags
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R. Baeza-Yates: “Graphs from search engine queries”. SOFSEM 200
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Click Graph

cheap hotel rates
otels for cheap
jinotels.com

hotel discounts

cheap hotel rooms

disney hotel

fight reservations

airline tickets cheap

cdirline fares

Elsir-paris france
N T

W ome

i = paris
rame italy www.expedia
/ travel 1o france

montpellier france map

Tome, faly -
map of france france flag ’ 41

E

barcelona hotel
barcelona rent

barcelona soccer

barcelona fc

barcelona
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Query-reformulation types

Correct Specialize

barcelona

Specialize
cheap barcelona hotels
Generalize

Generalize
—_— T
@ Q)arcelona hotels>
luxury barcelona hotels
Parallel move

Specialize

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

SearchPad

“... keeps track of

search query

terms ... when it
detects a trend, <—
offers to save the
result in an online
document.”

CNET




Research Session

* What are the characteristics of a research session?

* Possible scenarios:
— Buying a house
— Migraine treatment

— Piano tuning

* Detection using machine learning

Research sessions

* Complex activities
— Need to compare different sources of information

— Carefully readings of most of the results returned by the SE

* Usually performed during many physical
sessions (weeks, months)

—The average time for buying a flat is 4 months

* Need of taking notes and remembering past
actions or decisions



Implicit Folksonomy?
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Experimental Evaluation

0DF Similarity - Edges of Type I, II, III

8.7
randon (D
Type I D

Type IT

| Tue IITquuulld

0DF Similarity

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
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ﬁ s Questions?
Contact:

Thanks to Carlos Castillo, Debora Donato, Aris Gionis, Peter Mika,
Borkur Sigurbjornsson, Roelof van Zwol, Hugo Zaragoza



