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Parallel Paths

Knowledge representation meets the Web
Berners-Lee/Hendler/Lassila Scientific American
article (2001): “For the semantic web to function, 
computers must have access to structured 
collections of information and sets of inference 
rules that they can use to conduct automated 
reasoning” – i.e., knowledge representation (KR) 
technology
“Adding logic to the Web”

Ron meets the Web
Long career focused on KR
Joined Yahoo! in late 2005
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Today’s Remarks

My original thought about this talk: to show all the great 
ways the semantic web is transforming the industry

and why Yahoo! needs the SW
and why KR is great
and how we can all profit wildly…

But…
Major web company imperatives seem to be taking 
them in a different direction

Key thought from ice hockey*:  the SW community 
should “not skate to where the puck is, but rather to 

where it will be”
*From Wayne Gretzky’s father
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Skating to Where the Puck Will be

I won’t be preaching about Web 2.0, 3.0, 
3.1416, 98.6 or any other future release, but 
the ideas behind Web 2.0 are making a huge 
impact in the industry
In Yahoo! Research, we’re focusing on the 
deep, underlying knowledge needed to move 
ahead – the sciences behind Web n.0
I think there are interesting opportunities here…

See Mark Greaves’ article in 
March/April IEEE Intelligent Systems
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The Internet

The Internet is a worldwide, publicly accessible 
network of interconnected computer networks
that transmit data by packet switching using the 
standard Internet Protocol (IP). It is a "network 
of networks" that consists of millions of smaller 
domestic, academic, business, and government 
networks, which together carry various 
information and services (Wikipedia)

http://en.wikipedia.org/wiki/Telecommunications_network
http://en.wikipedia.org/wiki/Computer_network
http://en.wikipedia.org/wiki/Data_%28computing%29
http://en.wikipedia.org/wiki/Packet_switching
http://en.wikipedia.org/wiki/Internet_Protocol
http://en.wikipedia.org/wiki/Information
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From Technical Infrastructure…

Started with the invention of the concept of 
packet-switching and a simple protocol
ARPANet: focus on collaboration among 
researchers

ftp
File transfers

telnet
Remote logins

Email
Simple asynchronous text communication
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“Stuff” = data/knowledge, 
help, things, entertainment

A distributed, heterogeneous repository of tools, data, 
and people – all kinds of people

…to an Interconnected World

Functionality
Find, Use, Share, Expand, Interact, Help, Enjoy

People
Who Matter

Stuff
You Want

Example views:
searching/finding
communicating 
(email, IM)
socializing/sharing 
(groups, 
communities)
buying/selling
matchmaking/ 
recommending
experiencing media

The user-centric view
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Far, Far Away from ftp and telnet

Instant messaging
Search engines
E-commerce
Social media
Networked games
Advertising
Podcasting, UG-video
Blogging
Wikis
VOIP telephony
The mobile Web
TB’s of data
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Some Buzzwords to Watch for

Fragmentation
Relationships
User-generated
Social media/”wisdom 
of crowds”
Rich media
CPC/CPM/CTR

Finding/answering
Matching
Object identity
Integration/synthesis/ 
mashup/retrofit
Lightweight

The world has changed from one 
where the primary concepts were TCP 
headers, DNS, and telnet, to one where 
the watchwords are things like

These concepts 
are driving large 
open-Internet 
providers “Mashup” and “StumbleUpon”

Concepts
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We Need to Move From the “Old” CS

Hardware 
Computer Systems 
Organization 
Software 
Data 
Theory of Computation 
Mathematics of 
Computing 
Information Systems 
Computing 
Methodologies 
Computer Applications 
Computing Milieux

[ACM Computing Classification System]
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…to the New

“Finding” science and systems
Community science and systems
Algorithmic advertising
Computational micro-economics
Media experiences
Data science
We need to bring together existing disciplines…

…and nurture the creation of new ones

A high-level view of some new areas of thinking, key 
issues for consideration, and research challenges

This talk:
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Towards a Science of Finding
Moving beyond “search”

More than just classical IR
Structure
Intent
Context

Moving to an information supply model
From query-based retrieval to context-driven 
supply

Social search
People, not search engines
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The Evolution of Commercial Web 
Search Engines

First generation: use only “on page”, text data
Word frequency,  language

Second generation: use off-page, web-specific data
Link (or connectivity) analysis

Sophisticated mathematical methods
Click-through data (What results people click on)
Anchor-text (How people refer to this page)

Third generation: answer “the need behind the query”
Semantic analysis
Integrate multiple sources of data
Context determination

spatial (user location/target location), query stream (previous queries), 
personal (user profile), geographic, etc

Help the user
UI, spell checking, query refinement, query suggestion, syntax driven 
feedback, context help, context transfer, etc

Integration of search and text analysis

1994-1997 AV, 
Excite, Lycos, etc

1998 to now. Made 
popular by Google 
but everyone now

Still evolving

I will call out potentially interesting 
opportunities for SW technology like this

…and some difficult 
challenges like this
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User Needs
Results, not Documents

Informational – want to learn about something (~40% /
65%)

Navigational – want to go to a page (~25% / 15%)

Transactional – want to do something (web-mediated) 
(~35% / 20%)

Access a  service

Downloads 

Shop
Gray areas

Find a good hub
Exploratory search to “see what’s there”

Low hemoglobin

Austrian Airlines

Innsbruck weather
MP3 to WMA converter

Canon SD550

VOIP companies

Courtesy: Andrei Broder
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Third Generation Search

Focus on the user need and answer it directly
Use text analysis, semantic analysis

Hard and “soft” (partial) matches
Triggers, e.g., stock symbols, place names, people 
names, drug names
Query language determination

Deal with transactional queries
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Yahoo!: britney spears
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Yahoo!: salvador hotels
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Yahoo Shortcuts

Various types of queries that are “understood”
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Google: 
andrei broder new york
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Third Generation Search 
Challenges

How better to take advantage of
Structure
User intent
Context
The Web’s role as a delivery vehicle for services
and applications
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Keyword search: seafood san francisco

Buy San Francisco Seafood at Amazon

San Francisco Seafood Cookbook/Guide

Current Simple View
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“seafood san francisco”

Category: restaurant
Location: San Francisco

Reserve a table for two tonight at SF’s best 
Sushi Bar and get a free sake, compliments of 
OpenTable!
Category: restaurant Location: San Francisco

Alamo Square Seafood Grill - (415) 440-2828  
803 Fillmore St, San Francisco, CA - 0.93mi - map

Category: restaurant Location: San Francisco

Structure
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“seafood san francisco”

Category: restaurant
Location: San FranciscoCLASSIFIERS

(e.g., SVM)

Finding Structure

Can apply machine learning (ML) to extract structure 
from user context (query, session, …), content (web 
pages), and ads
Alternative:  We can elicit structure 
from users in a variety of ways

Problem: it 
often won’t be 
pre-specified
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Google Base
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Y! Shortcuts
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From Information Retrieval to 
Information Supply

Now…
ThenThen……

Explicit demand 
for information 

driven by a user 
query

Active 
information 

supply  driven 
by user activity 

and context
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Information Supply Architecture

Information supply engine (ISE)

User profile
& context

Activity
context

Avail. info.
supply

Matching 
information

User action

Feedback
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Some Current Approaches
Alerts and Subscriptions
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Annotations
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Others

“Interested in the following accessories for your 
iPod?:…”
“Now that you’ve booked your flight, would you like 
to rent a car?”
“You seem to be writing a business letter…”
Contextual and 
search-driven ads
Recommendations
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More Technical Challenges

A theory of information supply
Representation of context

Vector model with lots of parameters?
Representation of information

Certainly bag of words is not enough …
Representation of user

Probabilistic data
Matching the three above
Models for incorporation of feedback and 
mixed-initiative control 

Key issue: non-
categorical 
information
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Adding People to the Mix

“Social search”
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The Power of Social Media

Flickr – community phenomenon
Millions of users share and tag each others’
photographs (interesting question: why?)
The “wisdom of the crowd” can be used to 
search
The principle is not new – anchor text used in 
“standard” search

But tags are
• Structureless
• Organic
• Uncontrolled/able



Vast breadth of coverage

“Social Search”
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Social Search Challenges

Improve web search by 
Learning from shared community interactions, and leveraging 
community interactions to create and refine content 

Enhance and amplify user interactions
Expanding search results to include sources of information 
(e.g., experts, sub-communities of shared interest)

Big issues
Finding answers
Coalescing answers
Incentives for contributions
Coping with spam
Irrational crowds

Reputation, Quality, Trust, Privacy
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Community Science and Systems

“Social Media”
Different types of communities with different needs
Sociology, Network Theory

Distributed/collaborative systems
Marriage of automatic extraction with structured 
augmentation
Imposing unifying views
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The Power of Community

Yahoo! Groups, MySpace, FaceBook have tens of millions of users

Millions of users share and tag 
each others’ photographs

Surpassed 60 million users 
in twelve months
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Understanding Online 
Communities

Exploratory analysis of massive datasets of 
online community usage
Challenges

Analyze evolving social networks of users, content 
and interactions to

Learn models of community structure and dynamics
Learn models of individual characteristics and 
preferences
Develop robust frameworks for evolution of authority 
and trust
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Knowledge 
Collectives

Find answers & acquire 
knowledge

Wikipedia, MyWeb, 
Flickr, Answers, CIM

Social Search

Four Types of Communities

Social Networks
Communication &

Expression

Facebook, MySpace

360/Groups

Marketplaces

Trusted 
transactions

eBay, Craigslist

Enthusiasts / 
Affinity

Hobbies & Interests

Fantasy Sports, 
Custom Autos

Music
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Powering Online Communities

Powering online communities 
Goal:

Self-tuning platforms to support stylized database 
services and applications on a planet-wide scale

Challenges:
Performance
Federation
Reliability
Maintainability
Application-level customizability
Security
Varied data types & multimedia content
Extraction and exploitation of structure from web content

User

Tags
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Another Kind of Search

What is a relevant group?
A group whose content is relevant to the query keywords
A group to which many of my buddies belong
A group where many of my buddies post messages
A group with some of my preferred characteristics: traffic, 
membership

Search within a group
Messages in a group stored in one mbox file distributed 
across 20 machines. Each mbox is at most 2MB. Large 
groups have 1000 messages and large messages are 2KB.
Search on

Message: author (name, email address, Y! alias, YID), 
body, subject, is-spam, is-special-notice, is-topic
Thread: Returned if its first message is on the input topic

Messages returned sorted by date.
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Yahoo! My Web 2.0

My Web 2.0 Home Page

Personal 
knowledge

Public vitality
• Statistics
• Recent pages
• Popular pages

Community vitality
• Statistics
• Recent pages
• Popular pages

Community 
knowledge

Public 
knowledge

Search buttons. 
My Web search 
includes search for 
both My Stuff and 
community stuff

(Courtesy: Raymie Stata)
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Save/Tag Pages You Like 

You can save / tag pages you 
like into My Web from toolbar / 
bookmarklet / save buttons 

You can pick tags from 
the suggested tags 
based on collaborative 
tagging technology 

Type-ahead based on 
the tags you have used 

Enter your note for 
personal recall and 
sharing purpose

You can specify a 
sharing mode 

You can save  a 
cache copy of the 
page content 

(Courtesy: Raymie Stata)
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Unaugmented Results

Latest news results for 
“Lisa”. Mostly about 
people because Lisa is 
a popular name  

Web search results are 
very diversified, 
covering pages about 
organizations, projects, 
people, events, etc. 

41 results from My Web!
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Community-/Personally-
Enhanced Search

Excellent set of search 
results from my community 
because a couple of people 
in my community are 
interested in Usenix Lisa-
related topics
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Community Information 
Management

Many real-life communities have a web presence
Database researchers, movie fans, stock traders

Each community  =  many disparate data sources 
+ people
Members want to query and track at a semantic 
level:

Any interesting connection between researchers X and Y?
List all courses that cite this paper
Find all citations of this paper in the past one week on the 
Web
What is new in the past 24 hours in the database community? 
Which faculty candidates are interviewing this year, where?



49

DBLife Portal – A CIM Prototype

Cimple is a joint project between University of Wisconsin at Madison 
and Yahoo! Research
Software platform that manages data-rich online communities
Prototype system (DBLife) up and running since 2005
1164 sources, crawled daily, 11000+ pages / day 
160+ MB, 121400+ people mentions, 5600+ persons

Web pages

Text documents

* *
*

** * * **

SIGMOD-04

**

*
* give-talk

Jim Gray

Search, query

Mining

Alerts

News summary

…

Jim Gray

SIGMOD-04

**

Researcher 
Homepages

Conference 
Pages

Group Pages

DBworld 
mailing list

DBLP
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DBLife Portal

Integrated 
information about a 
real-world 
community
Collaboratively 
built and 
maintained by the 
community

• Potentially 
important 
connection to 
bottom-up, 
extracted 
structure – but 
how?
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Semantic Data Enrichment

Find mentions of entities on a page: researchers, conferences, 
papers, talks, etc.

A mention is a span of text referring to an entity (e.g., first 
name, middle initial, and last name)

Infer meta-data for each mention

Many sophisticated techniques are known
Must exploit domain knowledge to do a better job

We currently find about 114,400 mentions per day

Timestamps – When the mention first appeared
Explanations – Why the mention is there
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Challenges for the DBLife Project

Structure related:
Extraction

Domain-level vs. site-level
Compositional approach to extraction planning

Maintenance of extracted information
Critical, but very little has been done

Exploitation
Search/query over extracted structures
Detect interesting events and changes  

Collaborative-editing related:
Incentives, reputation – ability to correct/add imported data
Handling malicious/spam users
Ownership model

My home page vs. a citation that appears on it
Reconciliation

Extracted vs. manual input
Conflicting input from different users

Fundamental challenge: Determine if two mentions refer to same entity
“John Smith” = “J. Smith”? “Dave Jones” = “David Jones”?

• Entity identity

• Potentially 
inconsistent 
information

• Collaborative 
editing
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Community Systems Opportunities 
and Challenges

Cull information from independently-developed sites 
and map into a set of queryable structures
More generally: superimposition of a unifying view on 
content not created from shared ontologies (or any 
explicit ones at all)

See Brachman, “Viewing Databases Through a Knowledge 
Representation Lens,” Knowledge Building and Knowledge 
Sharing, 1994
Key sub-problem: entity matching
What to do in face of irreconcilable differences?

Representation, classification of human resources to 
support routing of requests

All at Web scale!
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Algorithmic Advertising/ 
Computational Micro-economics

Advertising keeps us in business (paid 
placement)

Matching to context
Ad placement
Markets

“Wisdom of crowds”
Incentive systems
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Overall Context

Publishers

Free/ User-
Generated

Content
Providers

AudienceAggregators

Commercial

co
ns

um
e

en
ric

h

create

tra
ns

ac
t



56

Paying the Bills

Aggregators draw content consumers
Search is a significant “hook”

Consumer reveals clues about his current 
situation

The keyword(s) he types (e.g., miele)
Keyword(s) in his email (gmail)
Context information (Yahoo! …)
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Paid Placement

Aggregator gives consumer opportunity to click 
through to an advertiser

Compensated by advertiser for click through
Whose advertisement is displayed?

In the simplest form, auction bids for each keyword
Contracts:

“At least 20000 presentations of my 
advertisement to searchers typing the keyword 
nfl, on Super Bowl Sunday”.
“At least 100,000 impressions to searchers 
typing wilson in the Yahoo! Tennis category in 
August”.
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Paid Placement

Leads to complex logistical problems: selling 
contracts, scheduling ads – supply chain 
optimization
Interesting issues at the interface of search and 
paid placement:

If you search for miele, did you really want the 
home page of the Miele Corporation at the top?
If not, which appliance vendor?



Ads 
go in 
slots 
like 

these

Higher 
slots 
get 
more 
clicks

Sponsored Search/ 
Search Advertising



Brand/”Graphical”
Context‐Based 
Advertising
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Three Subproblems

1. Match ads to query/context/user
2. Order the ads
3. Pricing on a click-through

IR+

Econ
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The Context Match Challenge

Examples
Context = search results sponsored search
Context = publisher page – content on the page 
banner ads
Other contexts: mobile, video, newspapers, etc

Find the “best match” between a given 
user in a given context and a suitable 

advertisement
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Search Page Context
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…

Content 
Page 
Context
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Other Match Challenges

…
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Context Matching
Key Challenges

What is “best” match?
An ad has different utilities for publishers, advertisers,  users
“Perceived appropriateness factor” is different
Might have different types of ads that are not easily compared 

Need to deal with billions of ads, contexts, users … often, in real 
time
Need to deal with constraints: budgets, business controls, 
incentives, etc. 
Business objectives not easy to express

To be successful in matching, need to
• Understand the context
• Understand the user
• Observe the past to predict the future
• Search the available ads in real time

• There may be 
very few clues
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Ordering the Ads

Most generally, composite IR+Econ score …
but today, basically Econ
Original GoTo/Overture scheme:

Order by bid



Bid Ordering 
(Overture/former 

Yahoo!)
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Revenue Ordering (simplified)

Each ad j has an expected click-through 
denoted CTRj

Ad j’s bid is denoted bj

Then, expected revenue from this ad is Rj = bj x 
CTRj

Order ads by Rj
Estimated (how?)



Revenue ordering?



Updated Yahoo! 
ordering
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Economic Ordering 

Bid and revenue ordering: two forms of ordering by 
“Econ” score
Does revenue ordering maximize revenue?
Not necessarily – advertisers react to ordering scheme, 
by changing their bid behavior!

Lahaie+Pennock ACM EC 2007
Family of schemes bridging Bid and Revenue ordering



73

A Sea of Challenges

How do you design marketplaces for search 
advertising?

What tools do you give advertisers?
What do they get to bid on?

Laptop vs Ultralight laptop
How do you price clicks?

Reputation and incentive mechanisms
Matching marketplaces

Jobs, dates, …
Online matching everywhere

Hardest part is estimating the payoffs, not the 
matching algorithm
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A New Convergence

Monetization and economic value are an 
intrinsic part of system design

Not an afterthought
Mistakes are costly!

Computing meets humanities like never before 
– sociology, economics, anthropology …
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Prediction Markets

Futures market designed to elicit a forecast about some 
future event
Leverages “wisdom of crowds”, extracting and 
combining information from distributed sources
Have been used successfully to

Predict election outcomes [IEM, 1988-]
Predict corporate metrics (sales, product release times, …) 
[HP, 2001-] [MSFT, Eli Lily, Intel, Siemens] [GOOG, 2005-]
Predict movie box office returns [HSX], news [NewsFutures], 
scientific conjectures [FX], sporting events, judicial 
nominations, economic numbers, … [inTrade], real estate 
[HedgeStreet], Mideast economic variables (proposed) 
[PAM], many others
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Wise Crowds vs. Irrational Ones

Not all crowds are wise – certain key features need to be 
present to achieve “wisdom” [Surowiecki, 2005]:

Diversity of opinion 
Each person should have private information even if it's just 
an eccentric interpretation of the known facts

Independence 
People's opinions aren't determined by the opinions of those 
around them

Decentralization 
People are able to specialize and draw on local knowledge 

Aggregation 
Some mechanism exists for turning private 
judgments into a collective decision

-futures
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Burgeoning Research Area

Understanding auctions, incentive 
mechanisms, pricing, optimization – a huge 
deal

Already multi-billion dollar business, growing fast
Interface of microeconomics and CS

Advertiser’s perspective – spending budget 
optimally

Many open problems, a few papers, some of them 
quite realistic
Marketplace design
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Media Experience

Creating new experiences around media
Beyond CHI: engagement models
New/integrated media

Mashup or link up?
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Beyond HCI

30 years ago, a collection of sociologists, cognitive 
psychologists and computer scientists gave us

The personal computer
The field of HCI/CHI

Now we need to consider
a science of online audience engagement

Not just about people interacting with computers or the web
But about people interacting with other people, with 
computers/the web as the medium

An intrinsically data-driven science



80

Some Questions

Why do people choose to lurk or participate?
Why do people create new online personas?
Why are YouTube, Myspace and Flickr successful? 
(and many others, not)
What new genres are emerging - and what can we 
provoke?

For content creation
Enrichment
Participation
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Some Dimensions of Experience

Duration

Memorability

short long

forgotten remembered

alone with others
Social context



Second life
Future Galaxy
WOW
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Proxies for engagement

Clicks, click-throughs and click chains
Page views, repeat visits
Time elapsed within page and between pages
Creation of user IDs
Creation of user profiles
Content generation
Content transport through networks
Downloads, purchases
SubscriptionsIn

cr
ea

si
ng

 e
ng

ag
em

en
t

Challenges:
• Devise and standardize defensible metrics of online 

engagement
• Use these to predictively devise online experiences
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Structure Matters in Media

And for large-scale providers there’s a better 
chance it will be provided
RDF lives even on Yahoo!



86

ZoneTag
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Video Remix
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Towards a Science of Data

Today:
Yahoo! adds ~25TB per day
(some agencies do >>25TB)
And then … what?

What are the useful attributes?
How do we efficiently cull them?

March 1997:
“Walmart currently operates a 7TB
system, the largest in the world.”
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The Tyranny of Moore’s Law

Storage gets cheaper faster than
communications gets cheaper faster
than processing

Today: Statistical Machine Learning plus lots of 
heuristics

struggle to keep pace
Consumer Privacy

AOL mishap
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Conclusions

For large open-Web companies, things 
continue to move strongly towards “Web 2.0”
applications

Relationships are fundamental driver
Social element is very significant

Huge and growing amount of content, metadata 
is user-produced and uncontrollable

Opportunities to meet halfway
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Don’t forget advertising: it fuels the machine
Huge matching and inference problems

Inferring context, intent, relevant history…
Background knowledge could become important

New sciences are evolving
Science of finding things
Community science (and systems)
Algorithmic advertising
Computational microeconomics
Media experiences
Data science
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Towards a science of aggregated, augmented 
organic knowledge

Extraction -> integration/rationalization
Wrapper induction
Reuse/adaptation of ontologies
Meaning in an inconsistent world

Insights from belief revision
Collective intelligence vs. collective confusion

Learn from projects like Cyc
Role of background knowledge

How to avoid the “AI-complete” problem?
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Let’s skate to where the puck is going to be!

Thank you!
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