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Brief Bio
• 20 years in the field AI and information management

– Principal and Founder, Boutique Data Consultancy

• Clients include: Digg, SearchMe, SkyGrid, MyOfferPal, Ancestry.com

– Adjunct Faculty, University of California Santa Cruz (UCSC)

– Chief Scientist, Turn Inc. (A CPX ad network, Bay Area, CA)

– Principal Scientist, Clairvoyance Corp (CMU spinoff; sister lab to JRC) 

– Research Scientist, Xerox Research
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– Research Scientist, Xerox Research

– Research Engineer, Mitsubishi Group

– PhD in machine learning (1998), University of Bristol, UK; 

B.Sc. Comp. Science (1989), Uni. of Limerick, Ireland

• Now: Machine Learning Consultant (San Francisco)

– IF         (you have large data problems and need a consultant)

THEN  {email me at James.Shanahan_AT_gmail,com}

– Where  problems ∈ {web search, online advertising, machine learning, 
ranking, user modeling, statistics,  social networks, “∗” }



Disclaimer

• The Author retains all rights, 
including copyrights and distribution 
rights. 

• No publication or further distribution 
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• No publication or further distribution 
in full or in part permitted without 
explicit written permission from the 
author

• Living vicariously!



From Mad Men To….
• Set in New York City, Mad Men begins in 1960 at the fictional 

Sterling Cooper advertising agency on New York City's Madison 
Avenue. (Broadcast by AMC Cable Channel) 

• The show centers on Don Draper (Jon Hamm), the agency's 
creative director, and the people in his life in and out of the office.
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From Mad Men To Wall Street

• Set in New York City, Mad Men begins in 1960 at 
the fictional Sterling Cooper advertising agency 
on New York City's Madison Avenue.
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Human Intensive
Lots of guess work
Forward Market

Technology
Data Driven
Forward Market
Spot Markets

Increasingly



Executive Summary
• Advertisers deliver a message to consumers via publishers

• Online advertising revenue growing annually @ 10% (from26%)  

– $23.4 billion in USA (2008),  $65B worldwide (10% of overall ad spend)

– Business Models:  CPM, CPC, CPA (not popular yet but will be), dCPM

– Online advertising is location, location and location ($11B M&A, 2007)

– ….and data, features, objectives and optimization

• Key directions
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• Key directions

– Forward markets � Spot Markets

• Advertising transformed from a low-tech, “Mad Men” process to highly 
optimized, mathematical, computer-centric (Wall Street-like) process 

– Technology: Economics, IR, ML, OR, Game Theory, Stats, Social 
Sciences  (estimating CTR/AR; auction systems; learning algorithms; 
targeting display advertising; behavioral targeting)

– Click fraud is the spam of online advertising ($Billion problem)

– New Directions: Web 3.0; games; social advertising; data exchanges

– Gap: perceived gap between academia and industry?



Outline: CoAd

• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics

Business,
Gold rush
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• Technology and Economics

– Forward Markets (Operations research) 

– Auction Theory and Game Theory

– Spot Markets (ML, IR, Ranking, Quality)

• New Directions

• Challenges in online advertising 

• Summary

Tech

Hot Areas



Outline: CoAd Lectures

• Introduction

• Online advertising background

• Business models, Campaigns

• Technology and Economics

– Forward Markets 

• Gradient Descent, Operations research, LP, QP

Business,
Gold rush

Tech

L1

L2
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– Auction Theory and Game Theory

– Spot Markets 

• ML, Ad quality, Ranking, Budgeting

• New Directions

• Challenges in online advertising 

• Summary

Tech

Hot Areas

L3

L4

CoAd Lectures

Friday 9/11/2009 10:30-12:00

Saturday 9/12/2009 8:30-10:00

Sunday 9/13/2009 8:30-10:00

Monday 9/14/2009 8:30-10:00



Course philosophy

• Socratic Method (more inspiration than information)

– participation strongly encouraged (please state your name and 
affiliation)

• Highly interactive and adaptable

– Questions welcome!!

• Lectures emphasize intuition, not rigor or detail
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• Lectures emphasize intuition, not rigor or detail

– Build on lectures from other faculty

– Background reading will have rigor & detail 

• Action Items

– Read suggested books first (and then papers), read/write
Wikipedia, watch/make YouTube videos, take courses, 
participate in competitions, do internships, network

– Prototype, simulate , publish, participate

– Classic (core) versus trendy (applications)



Advertising

Advertising is a paid, one-way communication 
1. Deliver marketing messages and attract new customers
2. To inform potential customers about products and services 

and how to obtain and use them. 
3. Many advertisements are also designed to generate increased 

consumption of those products and services through the 
creation and reinforcement of brand image and brand loyalty 
(ads contain both factual information and persuasive messages). 
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[Source: http://en.wikipedia.org/wiki/Advertising]

(ads contain both factual information and persuasive messages). 

4. Every major medium is used to deliver these messages, 
including: television, radio, movies, magazines, newspapers, 
video games, the Internet, and billboards

In 2008, Worldwide online advertising was $65B
I.e., 10% of all ad spending across all media [IDC, 2008]



Advertising as Information

• Online advertising is a form of advertising utilizing the 
Internet and World Wide Web in order to deliver 
marketing messages and attract customers [wikipedia.com]

• Advertising annoys people! Advertising works!

– "Half the money I spend on advertising is wasted; the trouble is, I 
don't know which half." - John Wanamaker, father of modern 
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don't know which half." - John Wanamaker, father of modern 
advertising. 

– "I do not regard advertising as entertainment or an art form, but as 
a medium of information...“, “Ogilvy on Advertising” by David Ogilvy

• Goals of Online advertising 

– Deliver/push an advertiser’s message with quantifiable measures of 
consumer interest

– Enable ads as a medium of information! 

– Generate revenue for the publisher and ROI for the advertiser



Online Advertising Stages

Parallels with existing media
1. Print<->webpages
2. Direct Response<->interactivity
3. TV<->Online Video 
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[Source: http://www.mb-blog.com/Images/OnlinePOVfinal.pdf]



Online Marketing Goal/Measurement Hierarchy

Purchase Funnel

1. Cast a wide net 

(big reach)

2. Corral /Brand 

3. Close the sale
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[Source: http://www.mb-blog.com/Images/OnlinePOVfinal.pdf]

3. Close the sale

Online Marketing is like courting: 
need to build trust with consumers



From Branding to Direct Marketing

Branding 

Direct 
Marketing

RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

14



Ad Formats: popunder, image+text
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Ad sizes (See IAB)

Leaderboard

728 x 90 pixels

Wide Skyscraper 
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Wide Skyscraper 

160 x 600 pixels Medium 

Rectangle  

300 x 250 pixels



IAB Standards

Interactive 
Advertising 
Bureau (IAB) 
is comprised 
of more than 
375 leading 
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375 leading 
media and 
technology 
companies 
who are 
responsible 
for selling 86% 
of online 
advertising in 
the United 
States



Ads Formats and sizes

• Text Ads

• Display Ads 
– Graphical, Flash, Rich Media (sound, video)

• Different sizes types: 

– For details see 
http://www.iab.net/standards/adunits.asp
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http://www.iab.net/standards/adunits.asp

– Rectangular, Rectangles and Pop-Ups, Banners 
and Buttons 

• See IAB for standards

[source: www.activeresponsegroup.com]



Advertising: ROI is King
(in French and in Advertising)

CPA=Spend/Transactions
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Campaign 1

CPA=$2/2=$1
Campaign 2

CPA=$2/6=$0.33



Advertising: ROI is King
(in French and in Advertising)

Diminishing Returns
-Lower Quality Leads
-Competitive Market

-Fraud?

CPA=$1. 50

Marginal cost 
$4/1 = $4
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CPA=$1

-Fraud?

CPA=$2/1=$0.5

How many marginal dollars do I 
spend for each marginal action 
over a budgeted spend of $4?

•Marginal cost of an action
•Marginal utility 
•Law of diminishing returns

Marginal cost 
$3/2 = $1.50

Widget ad budget is $2



Advertising: ROI is King
(in French and in Advertising)

High CPA

Internet

Direct Mail

Consumer behavior

Poor Performance
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Low CPA

– seasonality, time-of-day
– demographics: geo, age, 
income, etc.

Advertiser Side
-Creative
-Landing page experience
-Pricing



Forms of Online Advertising

• Advertising online comes in all 
shapes and sizes an we run into it all 
the time be through 
– Websearch
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– Websearch

– reading the newspaper online 

– paying the bills 

– or purchasing a book



Sponsored Search
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Sponsored Search
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Contextual Advertising

v
s

G
ra

p
h

ic
a
l 
A

d

RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

25

For standards see IAB 
http://www.iab.net/standards/adunits.asp

T
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House Ads….
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House Ads….
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OA is cavalier! : business models; ad placement; e:b wants to be online
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[Alex Tew ,2006]



E.g., Business Model
CIKM 2008
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Bad Ad Placement? Moral Conscience

RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

30

[Source: Neatorama.com]
[Source: www.livingsweb.com]



Bad Ad Placement?

Leverage sentiment to avoid?  
[Shanahan et al., AAAI Symposium 2005]
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[Source: LivingWeb.com]



A Bitter-Sweet Advertising Moment!
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Outline

• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics
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• Technology and Economics

• New Directions

• Challenges in online advertising 

• Summary



Online Advertising

Advertiser-Publisher-User
User

Publisher Advertiser
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Ads

Publisher Advertiser

Direct 
Search Engine

Ad Network
Ad Exchange, Etc.

Direct
Ad Agencies

Search Engine Marketers
Etc.

Select
Ads



Online Advertising

User
Advertising network refers to an 

infomediary, which serves between a 

group (network) of web sites (which 

want to host advertisements) and 

advertisers which want to run 

advertisements on those sites. 

Aggregate publishers
Provide reach for Adv.
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Ads

Publishers
Ad 
Network

Advertisers 

Provide reach for Adv.
1. Auctioneer 
2. Targeting Engine



Example Ad Networks [2004]

network

Other
20%

80% Reach

Ad 
Agencies

Advertisers 
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Search partners,
including:

Google properties,
including:

* Adapted: comScore Media Metrix (September, 2004)

Content publishers,
including:

ETC.
• The Google Network consists of Google sites & partner 

properties that use Google AdSense to serve AdWords ads



Yahoo and Google Ad Networks

Sponsored Search 
Advertising
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[Adapted from Think Partnership, 2007]

Contextual Advertising

Sponsored Search 
Advertising

Contextual Advertising



As a publisher I can sell …

• As a publisher (e.g., NYTimes, Google, MS)

– Sell my inventory directly; let advertiser’s (or advertiser surrogates) 
reserve with guaranteed payments [Premium pricing]

– Remnant inventory; Low-cost advertising space that can be relatively 
undesirable or otherwise unsold (usually sell as revenue share)

• Via Ad networks (e.g., Google, Yahoo.com, Turn.com)

– Arbitrage and remnant; 
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– Arbitrage and remnant; 

– Media aggregators and advertiser aggregators with targeting and 
auction mechanism 

• Via Ad Exchanges (e.g., RightMedia.com, AdECN)

– Remnant; Media aggregators with auction and primitive exclusion 
policies (e.g., no alcohol ads, may provide category of page/site)

• Publisher-side Optimization networks (Yield Managers)

– Work directly with publishers; E.g., Pubmatic, Rubicon, AddKick

– Select advertiser/network that offers best revenue



Yield Management
• Yield management, also known as revenue management

• The process of understanding, anticipating and 
influencing consumer behavior in order to maximize 
revenue or profits from a fixed, perishable resource 

– such as airline seats or hotel room reservations;

• The challenge is to sell the right resources to the right 
customer at the right time for the right price.
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customer at the right time for the right price.

• This process can result in price discrimination, where a 
firm charges customers consuming otherwise identical 
goods or services a different price for doing so

– Airline ticket: refundable; change fees; Saturday night stay 

[Wikipedia.org]



Publisher-side Optimization Networks

• Yield Management Systems

– Similar to airline industry software for 
pricing tickets and keeping track of 
available seats

– It forecasts how much a publisher can 
get for ad placements, and whether 
they should sell the spots themselves 
or use ad networks 

Publisher

Publisher-side 
Optimization Network
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or use ad networks 

– Provides online ad analytics e.g.,Rapt
acquired by Microsoft in 3/2008

– Can simplify ad network management 
by giving publishers one set of ad tags 
(html code) and one integrated 
reporting interface across multiple ad 
networks.

Ad 
Network

Ad 
Network

Ad 
Network

Ad 
Network

Ad 
Network

Ad 
Network

Ad 
Network

Ad 
Network



Google Ad Manager

Me: the publisher
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Via DoubleClick



Yield mgt. example: Publisher-side

• E.g., Rubicon
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Yield mgt. example: Publisher-side
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Paste Ad Code …
into webpage where ads will be shown

RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

47



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

48



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

49



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

50



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

51



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

52



RuSSIR 2009, Petrozavodsk, Russia.  Online Advertising ©  2009 James G. Shanahan (San Francisco)
James.Shanahan_AT_gmail_DOT_com

53



Advertiser Side: Advertising Agency

User
An advertising agency or ad 

agency is a service business 

dedicated to creating, planning 

and handling advertising for its 

clients.  E.g., SEMs, Omnicom 

Group
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Ads

Ad 
Agencies Advertiser 

Publisher/
Ad Network

Search partners,

including:

Google properties,

including:
Content publishers,

including:

network

Other
20%

80% Reach



Ad Agency

• An ad agency is a service business 
dedicated to creating, planning and 
handling advertising for its clients. 

– E.g., Search Engine Marketing (SEM), Search 
Engine Optimization (or SEO), paid placement, 
and paid inclusion
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and paid inclusion
• E.g., Efficient Frontier

– Services include designing and build ad creative, 
landing page, optimization, media purchase etc.

• Saatchi & Saatchi



Online Advertising
User

Plug and play
Very modular 
(and confusing)
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Ads

Ad Network
Ad Exchange
Yield Manager

Ad 
Agencies Advertisers Publishers



Online advertising: who serves who

Party Goal $$$
Biased 
towards

Publisher Generate Revenue Revenue User/varies
Advertiser Communicate a message ROI Themselves

Ad Network
Connect advertisers with consumers 
via publishers Fees Advertiser

Yield Mgt
Connect Advertisers with consumers 
via publishers Fees Publishers

User Being informed (and entertained) Themselves
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• Advertiser (ROI)

• Ad network (revenue, fees)

• Publisher (revenue and a happy user)

– Yield managers work for publishers

• Some big players have potential conflict of interests

– Provide all services

User Being informed (and entertained) Themselves



Outline

• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics
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• Technology and Economics

• New Directions

• Challenges in online advertising 

• Summary



Business Models

• CPM (Cost Per Thousand) 

– Advertisers pay for exposure of their message to a specific 
audience. (M in the acronym is the Roman numeral for one 

CPM   dCPM CPC CPA

Advertisers                   RISK           Publishers

ROI
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audience. (M in the acronym is the Roman numeral for one 
thousand)

• CPC (Cost Per Click) aka Pay per click (PPC)

– Advertisers pay every time a user clicks on their listing and is 
redirected to their website. 

• CPA (Cost Per Action) or (Cost Per Acquisition)

– The publisher takes all the risk of running the ad, and the 
advertiser pays only for the amount of users who complete a 
transaction, such as a purchase or sign-up. 



Business Models: Hybrids

• dCPM Dynamic CPM a newer hybrid pricing model

• dCPM pricing optimizes a campaign towards the sites and 
site sections that perform best for the advertiser, 

CPC CPA

Advertisers                   RISK           Publishers

ROI

CPM   dCPM
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site sections that perform best for the advertiser, 
dynamically paying the most efficient CPM for the value of 
the inventory to the advertiser. 

• dCPM campaigns are driven by two parameters, your 
Maximum/Average Bidding CPM and your CPA target. 

– As a campaign runs, it “learns” which sites and site sections deliver the 
CPA targets while staying within your Max CPM requirements.

• E.g., CPM of $10; CPA of $1



Some of the Industry Players
• Ad Networks/Exchanges

– Google, Yahoo, Microsoft (CPM, CPC, some CPA)

– Turn.com (CPA, CPC, CPM, dCPM)

– TribalFusion, 24/7, Kanoodle (CPM, CPC)

– Advertising.com (CPM, CPC) [platform-A]

– RightMedia, DoubleClick (CPM)

• Yield managers (Pubmatic, Rubicon, AddKick)
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• Yield managers (Pubmatic, Rubicon, AddKick)

• Affiliate networks

– Performics, Hydra Network, Commission Junction/BeFree, 
LinkShare or Motive Interactive, Amazon (CPA, CPL)

• Agencies

– Omnicom Group, WPP Group, Interpublic Group of 
Companies and Havas

– Efficient Frontier, Optimost, Offermatica, TaguchiNow, 

• Ad Platforms (DoubleClick, Atlas, Zedo, OpenX)



Online Advertising History

• 1994 Banner ads, CPM Banners

• 1996 Affiliate networks

• 1997 Goto.com, a 25 employee startup company (later Overture, 
now part of Yahoo!), created a PPC search engine 

• 1998 Ad Networks (DoubleClick)

• 2000 Google launches AdWords (ECPM 2002); AdSense (2003) 

• 2001 Behavioural Targeting (Revenue Sciences etc.)

CPM

CPC
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• 2001 Behavioural Targeting (Revenue Sciences etc.)

• 2003 Yahoo acquires Overture

• 2003 Ad Exchanges, CPA targeted networks

• 2005 Publisher-side optimization networks/Yield Management

• 2007 Yahoo acquires RightMedia and BlueLithium (1$B)   

Google acquires DoubleClick ($3B)

Microsoft Acquires Aquantive ($6B)

AOL acquires Quigo ($340M), Tacoda (~$300M)

• 2008 Social Advertising, Data Exchanges

CPA

dCPM



Ad Placement by …..
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Why Online Advertising?
• Advertiser perspective

– Fine-grain targeting

– Deliver an advertiser’s message with almost realtime quantifiable 
measures of consumer interest (Actions/Clicks/Impressions)

• ECPM, CTR, ATR, Impressions

– Cheaper

– Reach (volume and time)
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– Reach (volume and time)

– Optimization, dynamic

• Publisher perspective

– Offline revenue is on the decline

• E.g., media giants such as newspapers, TV (20-40% decline)

– Efficient market places

– Optimization

– Fine-grain targeting => utility to consumer

• User (free/reduced price goods/services), less annoying?



Performance based pricing dominates

Performance basis 
(e.g., cost-per-click, 
sale, lead or 
straight revenue 
share);

CPM or impression 
basis (includes 
sponsorships) 
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[IAB & PwC 2009]

sponsorships) 

Hybrid basis (e.g., 
mix of impression-
based pricing plus
performance-based 
compensation)



Online Reach: 25% of the world  today

30% in 2012
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[John Gantz, IDC's Digital Marketplace Model and Forecast, IDC 2008]



2/3 of Americans are online…..
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• US Internet users spent 15.3 hours a week online 
last year [eMarketer.com, 2008]



Mobile Access will be big!

• Users accessed the Internet through more than 
1.5 billion devices worldwide in 2008, including 
PCs, mobile phones, and online video game 
consoles. 

• By 2012, the number of devices accessing the 
Internet will double to more than three billion, half 
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Internet will double to more than three billion, half 
of which will be mobile devices.

• China passed the US in 2007 to become the 
country with the largest number of Internet users. 
China's online population is forecast to grow 
from 275 million users in 2008 to 375 million 
users in 2012.

[John Gantz, IDC 2008]
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[John Gantz, IDC 2008]



61Billion Worldwide Searches/Month 

Worldwide Search by Region, August 2007

Region Unique Searchers 
(000)

Searches (M) Searches Per 
Searcher

Worldwide 754,459 61,036 80.9

Asia-Pacific 257,952 20,295 78.7

Europe 209,678 17,846 85.1

North America 206,278 15,976 77.4
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North America 206,278 15,976 77.4

Latin America 49,995 4,784 95.7

Middle East-Africa 30,556 2,134 69.8

Notes: 
1. Searchers were aged 15 and older, using home and work locations.
2. Results exclude traffic from public computers, such as Internet cafes, and access from mobile 
phones and PDAs.

Source: comScore, 2007



Top 10 Search Properties - Worldwide

Top 10 Worldwide Search Properties, August 2007

Search Property Searches (M) % Searches

Worldwide 61,036 100

Google 37,094 60.8

Yahoo 8,549 14.0

Baidu.com Inc. 3,253 5.3

Microsoft 2,166 3.5

~1B    per Day (WW)
0.13B per Day (US)
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Microsoft 2,166 3.5

NHN Corp. 2,044 3.3

eBay 1,319 2.2

Time Warner Network 1,212 2.0

Ask Network 743 1.2

Fox Interactive Media 683 1.1

Lycos Inc. 441 0.7
Notes: 
1. Searchers were aged 15 and older, using home and work locations.
2. Search properties were based on top the 50 properties worldwide where search activity is observed.
3. Results exclude traffic from public computers, such as Internet cafes, and access from mobile phones and PDAs.

Source: comScore, 2007



Where people spend time?
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• Only 20 domains capture a whopping 39% of all our time spent online. 

• Only 2.1% of our time is spent on Google.com (includes all subDoms)

• Revenue from search accounts for 41% (in US)
– [http://www.iab.net/media/file/IAB_PwC_2007_full_year.pdf]



What are people doing online?

• Online Publisher Organization's (OPA) Internet 
Activity Index [Nielsen/NetRatings]. 

– 47 % of consumers time is spent viewing online content

• including video-sharing sites, news sites, video, social 
nets, weather and blogs (Up from 34% in 2003) 

– 33 % is spent on communications, (46% in 2003). 

– 15 % Commerce 
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– 15 % Commerce 

– 5% search (Search-based OA revenue > 50%)

• 14 hours per week online (versus 14 hours 
watching TV) [JupiterResearch.com, 2007]

• Online advertising is ROI-centric; Brand 
advertising has still to catch on



Why Online Advertising?
• Advertiser perspective

– Fine-grain targeting

– Deliver an advertiser’s message with almost realtime quantifiable 
measures of consumer interest (Actions/Clicks/Impressions)

• ECPM, CTR, ATR, Impressions

– Cheaper

– Reach (volume and time)
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– Reach (volume and time)

– Optimization

• Publisher perspective

– Offline revenue is on the decline

• E.g., media giants such as newspapers, TV (20-40% decline)

– Efficient market places

– Optimization

– Fine-grain targeting => utility to consumer

• User (free/reduced price goods/services), less annoying?



Internet Adv = 5.9% of Total Adv Spend 
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Internet advertising revenues accounted for approximately 5.9% of total 
U.S. ad spending in 2006 (285B), up from approximately 4.7% in 2005;
An annual growth of 25% versus of an overall growth of 7%



Online Advertising is about 10% [2008] 
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Overall Advertising spend across all media (direct marketing not 
included here runs at $50B
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US Online Advertising relative spend ↑↑↑↑
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Ad Revenue by  Ad Format
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[IAB PwC]



Sponsored Search vs. Contextual

• Google-owned sites generated revenues of $3.70 
billion, or 67% of total revenues [q1, 2009]

• Google Network Revenues - Google’s partner 
sites generated revenues, through AdSense
programs, of $1.64 billion, or 30% of total 

E.g., Google
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programs, of $1.64 billion, or 30% of total 
revenues, in the first quarter of 2009. 

http://finance.yahoo.com/news/Google-Announces-First-
bw-14949372.html



Online Advertising – Recap so far 

• Goals of Online advertising 

– Deliver an advertiser’s message with quantifiable measures of 
consumer interest

– Enable ads as a medium of information! 

• Online advertising is a relatively new field

– CPM (1995), CPC (1998), CPA (2004), dCPM

– $23.4 billion in USA (2008),  $65B worldwide (10% of overall ad 
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– $23.4 billion in USA (2008),  $65B worldwide (10% of overall ad 
spend); 57% Performance-based

– Contextual Advertising  is growing (30% for  in Q1/2009 for Google)

• Strengths

– Reach, targeted, cheap, quantifiable measures of consumer interest

• Issues

– Privacy, ad placement, deception (e.g., phishing), fraud (e.g., click 
fraud), moral conscience, bandwidth issues 



Outline

• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics
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• Technology and Economics

• New Directions

• Challenges in online advertising 

• Summary



Creating an online ad campaign
• Typical workflow

– Create advertiser account (name/address/Credit card details/etc.)

– Create ad creative

– Create an ad campaign

– Upload creative's

– Specify targeting constraints (e.g., keywords, categories, geo, dates)

– Specify bid price and budget 
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– Specify bid price and budget 

• At Turn Inc. (CPA network), just specify the bid price for an action; 
no need for keyword portfolio management

• Deploy action beacon on landing page

– Optimize ad creative/user-landing-experience, bid price: AB Test, DOE

• Ad network/exchange

– Turn.com (CPA, CPC, CPM), Google (CPC, CPM), Yahoo (CPC, 
CPM), Right Media (CPM), Etc.

• SEM: e.g., Efficient Frontier



A Typical Text-based CPC Ad

• Ad Title (25 character limit)
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• Display URL (35 character limit)

• Ad Text (35 character limit)

• Ad Title (25 character limit)

1. Specify Start/End Dates of Campaign
2. Specify keywords+bids
3. Specify Budget
4. Specify other constraints (locality/publisher/etc)



E.g., Google AdWords
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Advertiser Workflow
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Advertising 
campaign: a series 
of advertisement 
messages that 
share a single idea



Select Portfolio of Keywords

[https://adwords.google.com/select/KeywordToolExternal?defaultView=2]
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Regional Targeting
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Upload Ad Creatives 1-by-1 or in Bulk
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1. Bulk Upload
2. Or upload raw ingredients and 

generate ad (list of products)



Analytics : Managing Ad Campaigns

• You choose your own maximum daily spending limit (daily budget)
• Choose how much you want to spend per click for every keyword
• Pay Google for users who click on your ad
• More cost-effective than Yellow Pages, Banner Ads & Direct Mail 

(CPM)*
• Conversion tracking = real-time return-on-investment data
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** U.S. Bancorp Piper Jaffray, New Methods in Search Marketing: Contextual Advertising and Other Evolutions (Safa Rashtchy), June 2004



Expensive Keywords
• Most of the keywords hovering around $100 are for 

personal injury lawyers or lawsuits. 

• For example [webmasterworld.com, 10/2006] 

– mesothelioma - a type of cancer caused by exposure to asbestos is 
fetching $100/CPC 

– loan consolidation, $65/CPC; insurance quotes $60/CPC

• According to Wall Street Journal, 4/2004
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• According to Wall Street Journal, 4/2004

– $70.24 Mesothelioma Attorney
$50.00 Car Accident Lawyer
$30.00 Investment Fraud
$19.00 Wisconsin Mortgage;  $18.22 Conference Calling; $14.97 Casino

• Average CPC=$1.60 (on Google); Avg CTR=2.6%#

– Google ECPM =~$40; Social Networks ECPM of about $0.20; Premier 
publishers ECPM of $40-$50 (more targeted)

#[MarketingSherpa, 9/2005]                        ECPM $41= 1.60*0.026 * 1000 

Revenue= 1.60*0.026 * 10^9=$40M/day =$14B/Year
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Publisher Workflow

• Similar steps to Advertiser workflow
• Sign up with an ad network (e.g., Google) or with 

an exchange, or with an advertiser  etc.
• May be able to impose constraints on ads shown 

(e.g., size, border, adtype, category of ad)
• Decide ad types
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• Decide ad types
– Contextual ads

• AdSense puts relevant text ads next to content
• Advertiser puts some Javascript on page and shares in 

revenue from ad clicks
– Display ads

• Advertiser negotiates with publisher for CPM (price) and 
impressions

• Ad server (e.g. Doubleclick) serves up ads to pub server



How do the publishers get ads?

Publisher

Publisher-side Optimization Ad Ad Ad Ad Ad Ad AdvertiserAdvertiser
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Network

Ad 
Network

Ad 
Network

Ad 
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Ad 
Exchange

Ad 
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Ad 
Agency AdvertiserAdvertiser



Publisher Workflow 

• Sign up with ad network

– e.g., Google, Turn Inc., Right Media (remnant inventory)

• May be able to impose constraints on ads shown (e.g., 
size, border, adtype, category of ad)

• Insert adcode into target page:

– <td> <div style = "margin: 0px 0px 0px 15px"> <script 
type="text/javascript">
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type="text/javascript">

<!-- google_ad_client = "pub-7765547575367178"; google_ad_width = 
120; google_ad_height = 90; google_ad_format = "120x90_0ads_al"; 
//2007-03-30: SiteToolCenter Link Unit google_ad_channel = 
"9582783989"; google_color_border = "F0F0F0"; google_color_bg = 
"F0F0F0"; google_color_link = "0033FF"; google_color_text = "000000"; 
google_color_url = "000000"; //--> </script>  <script type="text/javascript" 
src="http://pagead2.googlesyndication.com/pagead/show_ads.js"> 
</script> </div>
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Publisher Page with Ads
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Outline

• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics
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• Technology and Economics

• New Directions

• Challenges in online advertising 

• Summary



Outline
• Introduction

• Online advertising background

• Business models

• Creating an online ad campaign

• Technology and Economics

– Advertisers (optimizing ROI thru ads and ad placement)
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– Publishers  (optimizing revenue and consumer satisfaction)

• Forward Markets

• Auction Systems

• Estimating CTR (CPC, and CPA)

• Budgeting 

• New Directions

• Challenges in online advertising 

• Summary

ctorThrottleFaCTRBid

CTRBid

Bid

AdAd

AdAd

Ad

**

*



Online Advertising versus IR
Online Advertising

Information Retrieval

Optimisation
Regression
Economics
Bias correction
Social Sciences

Indexing
Concept Extraction
Text Classification
Machine Learning

(Un)supervised/Active
Data mining

Ranking
Crawling

SPAM 
Social Search
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Social Sciences
….
Fraud
Keyword Suggestion
Broad match
Self-serve
Accounting /Dashboard

Data mining
Time series

Metrics
AB Testing

…

Social Search
….

ROI

User



Search Engine Architecture

www
Index

Crawler

Features
•Index
•TF/IDF
•Webgraph
•Anchor Text
•Classes
•Page Quality
•SPAM

MLR
Ranker

Query Proc

ML
AB Test

DashBoard
WWW

Analytics 
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•SPAM
•....
•Historical 
•Site-level

SERP
Docs

Logs

• Offline Processes 

• crawling, featurizing, Webgraph, Classification, updating ML models

• Online 

• query rewriting, ranking, reranking, merging, logging, analytics

• Realtime web indexing

• ML Framework



Search Engine Architecture

www
Index

Crawler

Features
•Index
•TF/IDF
•Webgraph
•Anchor Text
•Classes
•Page Quality
•SPAM

MLR
Ranker

Query Proc

ML
AB Test

DashBoard
WWW

Analytics 
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•SPAM
•....
•Historical 
•Site-level

SERP
Docs

Logs

• Offline Processes 

• crawling, featurizing, Webgraph, Classification, updating ML models

• Online 

• query rewriting, ranking, reranking, merging, logging, analytics

• Realtime web indexing

• ML Framework


