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Search Trends

* Web search is no more document retrieval
— Means for web-mediated goals

— Computation (merely) the basis for rational and
behavioral interactions

* Already, more than a list of docs
* Moving towards identifying a user’s task

—(As expressed In the query box)

* Enabling means for task completion
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Structured aggregation

| Apple iPod nano digital player |
Apple iPod nano digital player

$79.99 - $169.99 - Buy on MSN Shoppin
OO Mser reviews

Iz this uzeful?

Take everything you love about iPod and shrink it - then shrink it again. Now meet iPod nano, the
pencil-thin marvel featuring a color display, up to 14 hours of battery life and space for skip-free
songs, audiobooks and... Mare..

User reviews at a glance wnsts this?

User reviews Ease Of Use
Positive comments (907 | Hegative comments (10%)

General Comments (47 commerts)

] 79% positive Pros: Silky smooth and easy to use. More.
ey BRINIONE .Com

Ease Of Use (21 commerts)

I 00% positive | love how the Mano is so small and easy to use, you just plug it into

your computers and it automatically loads your songs up on to
it. Maore...
search.reviews ehay .com

Size 115 comments)
| 7% positive

It is very easy to use. More
search.reviews ehay .com

Price 114 comments)
] 54% positive




How this might work — |

Index time processing:

Business name | Home page for
................. -Pizza HutLondom

AddreSS?\\\\\\__//

Tel: 12345678

Business type=
Food, Fast food,
pizza

/ ] \ Reviews -extracted and indexed
= =[4] under Pizza Hut London

Other pages around the web

How this might work — I

Query time processing:
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uery stream > =€SSION analysis /aripyte
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Net result

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

* Objects are people, places, business,
universities ...

* Objects have attributes
—Missing, noisy, etc.

* |Intents are satisfied by juxtapositions of
objects

Info assembly for user

* No longer a list of 10 documents

Pizza Hut Pisa P :i",*
Address: e f
Tel: 12345678[C|ick to caIIJ Tt S 4
Reviews

2. Blah blah ...

3. ...

Not meant to represent user interface




Hard problems to be solved

* How do you model intent?
—What is the right abstraction?
—What is the right granularity?
—What are the top intents?

* How do you measure user happiness?
—Transaction?

—User studies? Interviews?

Hard problems to be solved

* What is the right data model for the web of
objects?

—What are the kinds of relationships?
—How do you infer trust/reliability?
—What logic/algebra governs scoring them?

* What is the automated framework for
relevance?



Content and metadata trends

Content type

Amount of content produced per day

Published content 34 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]

Content ownership

Content consumption is fragmenting — nobody

owns more than 10% of the Web page views

No single place will own all the content

Best of breed processing will operate on the

web version (?)

Value transitions to ecosystem



Content Consumption is fragmenting

Tto 3 05 treats, catnips, daddy, mommy, purring, mice,

playing, napping, scratching, milk

B 131015 35 webdesigning, Jeremy Sumpter, ChrisWilson, Emma
Watson, T. V., Tom Felton, FUSE, Adam Carson,

Guyz, Pac Sun, mall, going onling

A 161018 252 196{6,7 .8} class of 2004 5}, dream street, drama

club, band trips, 16, Brave Mew Girl, drum major,

B talkin on the phone, highschool, JROTC

1910 21 328 1986{3 5}, class of 2003, dorm life, frat parties, college

g life, my tattoo, pre-med
It 2210 24 187 198{1,2}, Dumbledore’s army, Midor sours, Long
island iced tea, Ligquid Telewision, bar hopping, disco
By age. .o house. Sam Adams, fraternity, He-Man, She-Ra fiste 2s pluggable
by 25to 27 84 1979, Catherine Wheel, dive bars, grad schoaol, ay ago
po preacher, Garth Ennis, good beer, public radio tlets

byl 2810 30 44 Hal Hartley, geocaching, Camarilla, Amtgard, Tivo,
Fit Concrete Blonde, motherhood, SQL, TROMN

b 211033 24 my Kids, parenting, my daughter, my wife, Bloom
County, Doctor Whao, geocaching, the prisoner, good

f eats, herbalism
2 to 36 145 Cross Stitch, Thelema, Tivo, parenting, cubs, role-

mf plaving games, bicycling, shamanism, Burning Man
ATt 45 16 SCA, Batylon 5, pagan, gardening, Star Trek,

Be Hogwarts, Macintosh, Kate Bush, Zen, tarot

T A6 to 57 05 science fiction, wine, walking, travel, cooking, politics,

ligl history, poetry, jazz, writing, reading, hiking

w =57 0.z death. cheese. photoaraphy. cats. postry

Content access is fragmenting

Profile edit Friends » Networks v Inbox (2) ~ home account  priv

facebook

search - Privacy Settings for Search

ou will show up in search results iF anvane searches For "andrew tomkins" or any part of your name. Even though
anyone can search For wou, only your friends and everyone from Yahoo, MIT, Carnegie Mellon and Silicon Valley, €A, can

Applications edit see yaour profile, In addition, people in college netwarks, high schaal netwarks, compary networks, regional netwarks and

Photos no networks can see you in search results, People who can't see your profile can see your profile picture, poke wou,
message you and send you a Friend requast From your search lisking,

2L Groups
Back to Privacy Overview without saving changes,

E Events ¢ u d MIT

Marketplace /

Eq Many Eyes Who Can Find Me in Search and See Wy Public 5g fetwork Iy

Wisualizer Memberd
: ‘fou can allow everyone on Facebook to find wou in se Friends: members list, o wau can
ore select restricted settings to allow only certain peoy Type: o ko find wou in search
resulks, Your friends can alvays find wou in sear ) )
Location: Cambridge, MA

Which Facebook users capAfind me in search?

Some of my networksand all my friends | ——

ahoo
MIT
Carnegie Mellon

Silicon valley, T




Time of Openness

Facebook Google / orkut
MySpace
LinkedIn Yahoao!
Hi5 Plaxo

Microsoft

(@) cr-sn |

Linking Open Data cloud

Audio-
Scrobbler

RDF Book
Mashup

DBLP
Berlin

Project
Guten-
berg

DBLP
Hannover

(Peter Mika)



Semantic Sources

Semantic Sources in the Web

Intrinsically Collaborative

Explicit or Implicit

Taxonomies vs. Folksonomies

Different Size and Growth

Diversity of Quality

Public or Private



Examples

Wordnet o
Explicit Implicit

Metadata T ekt Seale

RDF |
Wikipedia ODF Anchors + links

Y! AnS)ﬁer

Queries+click

Private

UGC

User Generated Content at Yahoo!

Social properties had 115M unique visitors worldwide, 56M “under 35”.

Q Astrologia

R st * Yahoo! Groups 8 million groups, 1 in 10 Internet users
ﬁ Cine-f' anananan

Q Coches

& peportes * Del.icio.us 2 million users

@2 Encuentros

Zﬁ@.ZI: * Flickr 1 million photos uploaded daily

@ Juegos

[U Kelkoo

g Ml ¥ o * Yahoo! Answers 90M unique users, 250M answers
Miisica

E:? MNoticias

@ Pags. Amarillas

@ Respuestas * Messenger 85M unique users

B v

2N Video e 1

@ viajes

 Servicios de Yahoo! | (2007 data)



Yahoo! Research

town, 4 L
MOVIE FEATURE

HOODWINKED

“One-way” Content
Film Clips
Competition
Critics
Picture Gallery

munity Content

User's photos

User's reviews

User knowledge

D Tap photos Tam Fiekt
D) Lalest use Ralings & Revews
0 Search bor more:

The Wisdom of Crowds

* James Surowiecki, a New Yorker columnist,
published this book in 2004
—“Under the cumstances, 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”.



Tags / jaguar / clusters jaguar | searc |

(O, try an advanced search.}

car, cars, auto, etype, automohbile, classic,
vintage, autoshow, red, show

~p See more in this cluster...

Zoo, animal, cat, animals, bigcat, seattle,
woodlandparkzoo, sleep, edinburgh, caged

~p See more in this cluster...

guitar, fender

~p See more in this cluster...

aircraft, raf

~p See more in this cluster...

These are the most recent photos tagaed with jaguar. See more. .

“ \E m _ _ m

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!)



Metadata: Microformats

Microformats

microformats.org
Originated by Tantek Celik and others
Agreements on the way to encode certain kinds metadata in HTML
— Reuse of semantic-bearing HTML elements
— Based on existing standards
— Community process
— Persons, events, listings etc. but also syntactic metadata: licenses, tags
Microformats have no shared syntax
— Each microformat has a separate syntax tailored to the vocabulary
Microformats are not ontologies
— No formal descriptions of schema, only text
— Limited reuse, extensibility of schemas
— No datatypes
No namespaces, unique identifiers (URISs)
— no interlinking
— mapping between instances is required
Relationship to page context is unclear
Widely used in millions of documents
— User-generated as well as automatically generated

_42-



Metadata is out there: Microsearch  (Mika, 2007)

Question:
— Just how much data is out there?
— What is the quality?

* |dea: bring metadata to the surface of search

* How does it work?
— User enters query
— Metadata is extracted dynamically
— Entity reconciliation
— Metadata is used to display
* rich abstracts,
* related pages
* spatial, temporal visualization

* Microsearch prototype
* Play at

-47-

Example: ivan herman

ivan herman - Yahoo! Search Results - Mi

Fie Edt View Hstory Bookmarks Tools Help

Geolocation

& - - @ (2% [ hepetyben-svre.barcelana,corp.yahoo,com:0s0fofsearch. do7p=van +hermaniy=Ssarchfr=la EE

YAHOO! nth oy e -

Search Results

1. lvan's blog
hittp: e lvan-herman.net! - 54k Update metadata

2. lvan Herman
Ivan Herman gives a talk on hehalf of the China Office entitled " YWhat is the ... Ben Adida, Elias
Torres, and lvan Herman give a tuluna\ entitled "
hittp: ey, w3, orgdPeopledlvan - 17k

3. lvan Herman's Photos
RICh aDStraCt o | name: Herman Ivan, van Herman
h bt

ivan-herman net

My Photos. | ke traveing and making photos. .. luAin Horman, 2007-12-18,
net The images are licensed under a ...
itp: A, iean-herman. net/Photos/ - 4k Update fata

is primary topic of

Related pages "
> Ivan's biog sl
based on metadata Filp oo van-herman net/ - 54k Update m w200 @My BD
@Rsbo's BD ©Davids BD

4. lvan Herman
Ivan Herman. Centrum voor Yiskunde en Informatica (C\W0) Kruiglaan 413, P.O. Box 94079, ... @lvans BD
Enmail: Ivan. Hermangeu. nl or ivan@w.org. GnuPG: Public GruPG key .
http:#ihomepages. cn nif~ivani - 4k Update metadat

o

lvan Herman - Technical Presentations
Ivan Herman. From Technical Presentations. Jump to: navigation, search ... about lvan

Herman RDF feed. Homepage. hitp: /e w3 org/Peopleflvant + Warks at ...
itp:fAwan. techpresentations. org/van_Herman - 13k |

Events from

6. ivan herman - Researchindex document query
ivan herman - scientific articles matching the guery: fvan herman .. lvan Herman graduated personal calendar,
as applied mathematician in 1979 in ..
ity fécitessar.ist peu. edufcis?= an <Herman - 19k Upcate metadala Conferences, and

bio from LinkedIn

_48-



Lessons

More metadata than we expected

— 53% of unique queries have at least one metadata-enabled
page in top 10 (n=7848)

Performance is poor
— Metadata needs to come from the index for performance

Metacrap does exist

— Users have to see metadata to spot mistakes in their markup,
warn others

RDF templating is hard

— Adds extra complexity

Scalability

@/

Adding Metadata: SearchMonkey



SearchMonkey

* Creating an ecosystem of publishers, developers and end-
users

— Motivating and helping publishers to implement semantic
annotation

— Providing tools for developers to create compelling applications
— Focusing on end-user experience

* Rich abstracts as a first application

* Addressing the long tail of query and content production

» Standard Semantic Web technology
— dataRSS = Atom + RDFa

— Industry standard vocabularies

What is SearchMonkey?

anopenpabm bushgstucureddagbd
builm orusetiatndreévansearchesut

SearchMonkey

Bebre Atr

Topics for Getting Pregnant - BabyCenter T

opics for Getting Pregnant - BabyCenter
Find out how to boost your chances of getting pregnant, what you can do if you're having a Tools BabyCenter's getting pregnant tools and information
problem conceiving, and more. .. do before you try to get pregnant ... Before you Try - can boost your chances of conception by helping you
ey, haby 1 getting-preg - 31k - Cached e o Active Trying chart your cycle, read your cervical mucus, and
= Having Trouble pinpoint ovulation.
§ www babycenter.com/getting-pregnant - 76k - Cached
WebMD Allergies Health Center - Find allergy information and latest ... WebMD Allergies Health Center - Find allergy infarmation and latest .
Information and articles an the diagnosis, symptams, treatment, and the prevention of allergies > Oveptenl Allergies are an abnormal response of the immuns system
vy webimd, " and conditio ies htrn - 132k - Cached S People who have allergies have an immune system that reacts

‘‘‘‘‘‘‘‘‘ to a usually hamless substance in the emironment. This
Tieatmen: | substance (pollen, mold, dander, etc.) is called an allergen.
{8 wwwi.webmd.comallergies - 111k - Cached

Italy Travel Guide and Travel Information - Lonely Planet o P’ i
Lonely Planet ltaly includes information on events, attractions, activities, and transportation for the Italy Travel Guide: Overview - Lonely Planet WorldGuide
independent traveler. : _ B Overview Uhen to go Italy is at its best in spring (April-May) and
Innalvsl wi; [Money & Costs  autumn (October-November). During these seasons, the
itineraries scenery is beautiful, the temperatures are pleasant and
Sights are relatively few crowds
iitaly - 46k - Cached

uropeditaly - 57k - Cached




Enhanced Result

Yahoo! MyY¥shoo! Mail  Wekome, Guest [Sgn in] Hsip

Web | Images | Video | Local | Shopping | more

art of pizza chicago | Search Dpligos « YAHOO.’

~,000 for art of pizza chicago (About this page) - 0.23 sec.

SPONSOR RESULTS

deep
ks

m age

Reviews
Photos ress 3033 N Ashland Ave, Chicago, IL
Send ta a fiend) | Phone (773) 327-5600

Send to Phone Price Range. §
www.acmereviews.com/biz/the-art-of-pizza-chighgo - 145k - Cached

nam evalie |
paisor
abstact |

UGC: Exploiting Flickr Tags



Semantic Photo Search

unsorted photos

Query — Flickr :

tag:type
\_/_

tag grapr

7/

%

tag:type
e—

tag:type

WORDNET —

Wikipedia
flickr

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




Tag Mining - Semantics

* 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 :: artifact

— Paris :: location

— Coverage: 52% of tag volume

13%

Tag Mining — Semantics

* Extend this mapping using patterns found in Wikipedia
— Upperbound 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



Understanding Text

Document Understanding Cartoon

our work!

Complexity of DocumentUnderstanding

engines

semantic

web? domain

expert



Extending metadata

Pablo Picasso was born in ,

PER
E:PERSON GPE:CITY GPE:COUNTRY
artist:name artist:placeofbirth artist:placeofbirth

If most artists are persons, than let's assume all aatistpersons
If most places of birth are locations, then let’'s assumeall a

-y -

describes ~ ~

\ ~ ~
- - -»l\conn:PERSON {conll:LOCATION
~/7— - ) — T - -
, range ,/

|
type P 1 type
/ 1

7’
" Ve o
. artist_placeofbirth )
Pablo_le Spain
artist_placeofbirth
Malaga

Entity Containment Graph

Wikipedia
search

Sentence

\



Related Entities Search (Zaragoza et al, 2007)

Sentences Entity graph Top entities
Possibly filtered by type

Sentence
- —

Sentence @ Sentence
L — L —
Sentence Sent
Query — entence
\_/_

Sentence
@ Sentence
\_/_

\_/_
1 relevant

sentence per entity

Sentence
\/—

N/

Sentence
-

Synthetic Document (Zaragoza et al, 2008)

Article
-

Syntactic matches: extract snippets

Article
-

Query

Article

Article > Other: group by relevant categories




Syntactic/Semantic Tagging

Goals: Identify multi-word expressions and entities, support
generalization, coarse disambiguation

Tagger: Average perceptron HMM (Collins, 2002) general
purpose tagger: efficient (millions of features, hundreds of
classes), fast (thousands of sentences/sec)

State of the art: 3rd NIST Automatic Content Extraction
Evaluation (ACE) 2007 (Surdeanu & Ciaramita, 2007)

Tasks: PoS Tagging, supersense tagging (Ciaramita & Altun,
2006), named entity detection (CoNLL, BBN-WSJ, ACE, etc.)

Research problems: robustness on Web data (domain
adaptation), learning/evaluating from user-generated data
(Mika et al., forthcoming)

Parsing/SRL

Goal: extract structured information at sentence level (beyond the
bag of words/document-centric models)

Dependency parsing:

— Parser: Fast discriminative multilingual Shift/Reduce parsing
(hundreds of sentences/sec) (Attardi, 2006); 2nd in Adaptation
Task of CoNLL 2007 (Attardi et al., 2007)

Semantic role labeling:
— Joint parsing and SRL: 3rd best system at CoNLL 2008

Research problems: how can structured linguistic representations
be used to improve search/ranking problems? (Surdeanu,
Ciaramita & Zaragoza, ACL 2008)



Web Usage:
Extracting Semantics from Queries

Words, Sessions and Clicks




Implicit Folksonomy?

Set Relations and Graph Mining

- ldentical sets: synonyms

- Subsets: specificity Baeza-Yates & Tiberi

_ ACM KDD 2007
— directed edges

- Non empty intersections (with threshold)

— degree of relation
* Dual graph: URLs related by queries
—High degree: multi-topical URLSs



Implicit Knowledge? Webslang!

Evaluation: ODP Similarity

* A simple measure of similarity among queries using ODP
categories
— Define the similarity between two categories as the
length of the longest shared path over the length of the
longest path

—Letc 1,..,c kandc' 1,.., c'_k be the top k categories
for two queries. Define the similarity (@k) between the

two queries as max{ sim(c_i,c'_j) | i,j=1,..,K }



Experimental Evaluation

Final Remarks



Open Issues

* Data Volume vs. Better Algorithms

* Explicit vs. implicit social networks
— Any fundamental similarities?

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

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

The Virtuous Cycle

Explicit

wikipedl] ODE_ Anchors
' ANSY \Querie

+clicks

— Wordnet




