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SERP Anatomy — User Perspective
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60,600,000 RESULTS  Any time ~

Windows® 8 Laptops - Windows Recommended Tablets & PCs. Ads

Windows.Microsoft.com
Work Easy. Play Hard. Start Here.

Student Offer - Windows 8 Enterprise - Windows 8 Apps - Tablets

Choose AMD for Laptops | amd.com
www.amd.com/laptop
AMD A-Series APUs are the ideal solution for Microsoft Windows® 8

Laptops & Notebook Computers: Free Shipping - Best Buy
www_bestbuy com/site/Computers-PCs/Laptop-Computers/abcat0502000.c?... -

All Laptops - PC Laptops - Toshiba - Dell - HP
Buy a tablet, iPad®, laptop or desktop and get a one-year membership for only
$99.99. Get Tech Support. Shop Laptops . Laptops. Find the laptop that's right for ..

Laptop Computers: Amazon.com
www.amazon.com/Laptops/b?ie=UTF8&node=565108 ~

Laptop Computers from Amazon.com . Keeping up with the latest technology isn't hard
with personal laptop computers for home, work, or school. Whether it's time to ...

Laptops, Ultrabooks & Notebooks - Dell Laptop Computers for ...
www.dell. com/us/p/laptops

Laptop, notebook, and ultrabook computers from the official Dell site. Dell offers
everyday, performance, ultra-thin and gaming ready laptops. Build and ship yours ...

Windows® 8 Laptops - Windows Recommended Tablets & PCs. Ads

Windows.Microsoft.com
Work Easy. Play Hard. Start Here.

Choose AMD for Laptops | amd.com
www.amd.com/laptop
AMD A-Series APUs are the ideal solution for Microsoft Windows® 8

Your results are personalized. Learn more

RELATED SEARCHES

HP Laptops

Best Deals On Laptops
Walmart Laptops

Best Laptops

Top 10 Laptops

Dell Laptop

Free Laptop

Best Buy

Ads
SONY® VAIO Pro

Store.Sony.com/VaioPro
Shop Sony for the World's Lightest Ultrabook™.
Inspired by Intel®.

Ultrabook™ by Intel®

www._BestBuy. com/Acer-Ultrabook

Low Prices Now! Find an Acer Ultrabook™ Buy Today
for $699.99

Laptops Clearance

Laptop.allyoucansearch.net
Great Offers on New Laptops Top Brands, All Models.
Low Pricesl

Laptop sales

www.RentACenter.com

Brand New, Top Brand Laptops Are Finally Affordable.

Leamn Morel
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SERP Anatomy — Designer Perspective
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Terminology

* Query, User Query, Web
Query, Search Term
Mainline Ads, North Ads,
Top Bar Ads

Organic Result,
Algorithmic Result,
Natural Result, Free
Result

Bottom Ads, South Ads
Sidebar Ads, Right Side
JAYe[S

Setting the Stage | 4



...and that of Search Ad

Title == 1 Cheap Auto Insurance
Display URL==p § Auto AutoQuoteWizard.com

Ad Text =) | Get the Lowest Auto Rates In Just 60 Seconds. Save
Hundreds.

_ =
@@ http://www.autoquotewizard.com/auto?arrival_id=100936579 I PL~a | @ ﬁ Ei}
|
=
& Auto Insurance from Auto... ¥ | |
‘ File Fdit View Faworites  Tools  Heln

Destination URL: :
http://www.autoquotewizard.com/auto?arrival id=100956579

Fill out the form below, and you could save hundreds on Car Insurance .
Please enter your information below. Allinformation provided will be kept safe and secure and will onl

Saveup to 40% onYour  [vghicles

Auto Insurance Instantly!
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Facebook Ad

Bill Wilson
wal Info Photos Boxes Blg +

What's on your mingd?

atach: T = [ €

Horse Property For  x
Sale

View Photos of Me (5)

Ecit My Profe

BE Wilson

finte something about yourself . wosa . Gorgecus horse peoperty. 20
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Twitter

VerizonWirelessDeals &

€l Pr ted - Follow

Trends - Change

EWhyiSmile

4 new

Coke Zero

Tweets

“lisnotyourfault you've spent hours filling out

brackets. CokeURL com/jj2z

Ca '
O View media

Julie Par plweet
- Trend: Video is now being
leaving video voicemalls. . ¢

Promoted Trend

Promoted Tweet

ks RT @Dcorrigans0 This year has
and ownership. Rome wasn't builtin a

(<]
twltber !CEII’S ‘ l Search l#\dvanced Search

Realtime results for cars 0.09 seconds

Ghvolt: My Question to GM CEO Rick Wagoner http:/inyurl. com/8e2bco (expand)
about 9 hours ago - Reply - View Tweet

Sponsor Results

I Reviewing the Blue Sky Im Red

Relevant Sponsor Ads.
Paid Placement. Can
link to Twitter
Accounts or Other
Properties

Relevant Sponsors
Most Recent Tweet
kn

cars
1 minute ago - Reply - View Tweet

collectorcarads: Muscle cars take a hit at Barrett Jackson http:/Ztinyurl.com/7hwxlr
(expand)
1 minute ago - Reply - View Tweet

adamcrei: http:/twitpic.com/14rmk - Making tortillas and turkey race cars for today's
lunch, partly because I'm just that fun, and partly because ...

2 minutes ago - Reply - View Tweet

=
&

hellakayla: | love driving dennis' cars, hate traffic and long lines @ the carwash

E Feed for this query

w Twitter these results

Show tweets written in:
AnyLanguage [v|

S_ponspr Results

Nifty queries:
cool filter:links

- "is down"

- movie ;)



Session 2

Deep Dive into Computational
Advertising



Setting the Stage

= SERP Anatomy
= Campaign Schema
= Paid Search Participants

Designing the Machine

= Campaign structure
= Algorithms for Selection, Relevance and Click Prediction

Closer Look at Auctions
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Campaign Schema

Keywiord
= 1 .II-.' AT et
Campaign o Keywiord

':_ I:l il 'd ';' Et 1 :l .|.'| il k: [ I:."l-".'. QFC I

Keywiard
Ci 33l = i
Company I.'"_an_-'ﬁlj_': Campaign
{budget 2}
KEeyvwiord

Ad Keyword

Campaign
{budget 3)

Ad Keywiord

Keywiord
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Campaign Schema

Account
Campaign
Ad Group

Ad Copy

Keyword
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Campaign Schema

Account
Campaign
Ad Group

Ad Copy

Keyword
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Campaign Schema

Account
Campaign

Ad Group

Ad Copy

Can you suggest a good Ad Copy for “Nokia Lumia 520”7

Keywords

Setting the Stage | 15



Campaign Schema

Account
Campaign
Ad Group

Ad Copy

Keyword

Which negative keywords will you use if you are selling “Wedding
Ring"?

Setting the Stage | 16



Campaign Schema — Putting them all together

Account Electronics Store

/\ %\

Ad Copy

Setting the Stage | 17



Campaign Schema - Targeting

« Demographic

* Location

* Language

* Network

* Device

- |P

« Websites

* Day of the week
« Time of the day

Setting the Stage | 18



Paid Search Participants
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Paid Search Participants
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Paid Search Participants: Advertiser's Utility

amazon
w <flipkart.,,
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Paid Search Participants: Publisher’s Utility

Revenue
* Volume of clicks * Cost per click
* Low variance in revenue and other KPIs
» Revenue growth potential
* Low operational cost
« Continued user patronage
« Quality of ads
« Brand image

o B W
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Paid Search Participants: User’s Utility

BB

Setting the Stage | 23



Paid Search Participants: ... and the contradiction*

Advertiser Publisher User

CPC s P

CPC I &

Coverage i & P
Coverage J P &
Y 73 il 2
X Y P il
Fraudulent Clicks A " |‘

Fraudulent Clicks < & P

*: To be interpreted with appropriate context
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Paid Search Participants: Exchange’s Utility

e Maximize volume of transactions on

the platform
 Minimize the cost to serve
« Grow the network

Google
blﬂg AdWO%dS
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Paid Search Participants: Growth Strategy for Exchange

Build a healthy marketplace that is attractive for all the participants

How s this done?

...by optimizing for a goal to maximize combined utility of Advertisers, Publishers
and Users and satisfactorily managing the contradiction in their utilities

...Ln other words, by

building technology to find the “best match” between a given user
and a suitable advertisement in a given context.

Setting the Stage | 26
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Designing the Machine

Slides contributed by
Dr. Manish Gupta, Sr. Applied Scientist, Microsoft
(gmanish@Microsoft.com)



Anatomy of a Sponsored Search Ad

~

Bid phrase: sigir 2010
Bid: $1

Tile  { Tutorial at SIGIR 2010
Information Retrieval Challenges in
Computational Advertising

Display URL { research.yahoo.com/tutorials/sigir

Landing URL:
http://research.yahoo.com/tutorials/sigir10_compadv/

Creative

-

M




Textual Ad Schema

Advertiser
greseemssssasseeseeeeaeceeeeeee 1 New Year dealson | | . \
. B li ! :
Dy appraness on lawn & garden tools || 500t Account 2
: Black Friday e —
e s . \ - T Y TR i ™
| Kitchen appliances | Campaign Campaign
g o 1 2
\Hx\. ! . S LN w LS A
\‘H j A1 i |
Ad group Ad group
2
N — |
Creatives Bid phrases Can be just a single |
{// bad phrase. or /'\
: : thousands of bad |
Brand name appliances { Miele. »\ phrases (which are
Compare prices and save money KitchenAid. N not necessarily
www.appliances-r-us.com Cuisinart. ...}O O\

topically coherent)
BN
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Main Issues

« Glven a query

v Select the top-k ads to be shown on the k slots in order to maximize total expected revenue

« What affects the total revenue

v Relevance of the ad to the query
v' Bids on the ads
v User experience on the landing page (ad quality)

31



Selecting an Ad

Fach participant has its own utility

Ad selection: optimize for a goal balancing the four utilities

IR based Ad Relevance Computation

v Use a search engine to match ads to context

< Ads are the "documents”

< Context (user query or webpage content) are the query
v" Problem: word matches might not always work

v Need to extract topical information

Machine learning from clicks

v' Estimate CTR=Pr(click|ad, query, user)
v Ad-Ad similarity & collaborative filtering

Bid value for ad (usually second price auction is used)
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Ad Selection Approaches

« Exact match

v The ad’s bid phrase matches the query
v Need query normalization
v Cannot bid on all feasible queries

 Broad match: translate the query into bid phrases

v The ad platform finds good ads for a given query (the advertiser did not bid on that specific keyword, but the
query is deemed of interest to the advertiser)

v" Pricing can be misleading
v" Significant portion of the traffic has no bids

33



Query Rewriting

Rewrite the user query g into Q" = (q4,q», L)
Use exact match to select ads for Q’

Offline vs Online

v' Offline can be done only for queries that repeat often

v" Online
< For rare queries offline not practical or simply does not work
< Lot less time to do analysis (a few ms)

Using search logs (frequent rewrites from query logs)

v" Insertions: game codes -> video game codes

v" Substitutions: john wayne bust -> john wayne statue
v' Deletions: skateboarding pics -> skateboarding

v" Spell correction: real eastate -> real estate

v' Specialization: jobs -> marine employment

Using clicks
v SimRank on bipartite graph of queries and ads
v Edge weights could be #clicks for (ad, query) pair or CTR

v Iterative computation
< "Two queries are similar if they are connected to similar ads”
< "Two ads are similar if they are connected to similar queries”

pC

camera

Digital
camera

tv

flower

Similar Queries

15

16
15

Hp.com

Bestbuy
.com

Teleflora.
com

Orchids
.com

Camera — Digital Camera
pc — camera

pc — digital camera
tv — camera
tv — digital camera

pc-tv

34




Ad Relevance by Online Learning

« Offline (batched) learning

v' Learned from historical data
v Slow response to emerging patterns

v Initial biases never corrected
< if the system never showed “golf classes” for “iPod” it can never learn if this matching is good.

 Online learning

v Combine exploitation with exploration
v Pick ads that are good according to current model
v" Pick ads that increase your knowledge about the entire space of ads

35



Online Content Matching

« Web advertising for two types of web pages

v’ Static page (Offline):
< Matching of ads can be based on prior analysis of their entire content
< Works well for static content pages that are displayed repeatedly

v Dynamic page (Online):
< Ads need to be matched to the page while it is being served to the end-user.
< Limiting the amount of time allotted for its content analysis.

« When a user views a page, the ad selection engine has only a
couple hundred milliseconds to provide the ads.
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Collaborative Filtering Connection

» Traditional IR based-on fixed query-result relevance

« Ads: Rank by CTR probability

v" Continuous CTR feedback for each (query, ad) pair
v' Learn the "best match between a user in a given context and a suitable advertisement”

 Data is sparse, in order to get the best match, we need to find
similar ads, pages, and users

« Make use of dyadic interaction systems (recommendation
systems)

- Note dyad is a pair: (user, movie), (user, ad), etc.
« Predict response to unknown dyads using collaborative filtering
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Sponsored Search (Big Picture)

- Ads corpus = Bid phrases + Title + URL + landing page

« Ad query = Search keywords + context (location, user profile,
search history)

v’ Sponsored Search: Context = Web search results
v Content match, banners: Context=Publisher page

- Ad search is similar to web search but with these differences
v' Ad database is smaller
v'Ad database entries are small
v Ranking depends also on bids and CTRs
v’ The query (current page) can be much larger than the target document

» Finding the best textual ad is an information retrieval problem with
multiple, possible contradictory utility functions

38



Probability of Click Estimation

Given:
{Query, Ad, Keyword]}

Produce:
Predicted CTR:
oClick ~ CTR
Uses:
Ranking, Allocation and Pricing

39



Probability of Click Estimation

102.34.12.20 1001 & 5.4
Client |[p 15-70.165.9 ) 4o
221.98.2.187 98311 0.7
52.154.3.86 | I
? .
Match Exact Match 9?’3“1]] Sy Transformation
Type Brosad Match 54320 | 13/t
ML-1 V 099|102/ g3 2
Pasition SB-1 872| 123|904
oo N

pClick is learnt using Logistic Regression or Neural Net type models



Interactions in Sponsored Search

o Advertisers

v Submit ads associated to certain bid phrases
v’ Bid for position
v Pay CPC

e Users

v Make queries to search engine, expressing some intent

» Search engine

v' Executes query against web corpus + other data sources
v’ Executes query against the ad corpus

v D(ijsplays a Search Results Page (SERP) = integration of web results, other data, and
ads

41



Budget and Other Factors

« Advertisers can specity budgets

 Budgets can be implemented as follows

v Spend it quickly till out of money

v Spend it slowly till end-of-day

v Spend it as the search engine sees fit

v Spend it on a certain demography of users only

« There are sometimes “reserve prices”

v Minimum cost to be shown on a given kw (depends on kw)

e There are sometimes “minimum bids”

v Minimum bid required to participate in action (could depend on advertiser and keyword)

42



Three Problems for a Search Engine

« Ad retrieval

v'Match to query/context

» Ordering the ads

» Pricing on a click-through

43



Closer Look at Auctions

Slides contributed by
Dr. Manish Gupta, Sr. Applied Scientist, Microsoft
(gmanish@Microsoft.com)



Short Introduction to Game Theory

» Set of players.
« A set of strategies available to those players (each has its own set)

» A specification of payoffs for each player for each combination of
strategies.

 Each player’s payoff depends on the strategy chosen by every
other player!

« Dominant strategy

v'Strategy = a complete definition of how a player will play a game.

v'Strategy X (for a player) dominates another strategy Y if for all choices by
other player(s), X yields at least as much payoff as Y.

v'Strategy X is dominant if it dominates all other strategies.
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Nash Equilibrium

Nash equilibrium

v choice of strategies in which each player is assumed to know the equilibrium
strategies of the other players, and no player has anything to gain by
changing his own strategy unilaterally.

Pure strategy
v'deterministic definition of how a player will play a game

Mixed strategy

v'an assignment of probabilities to each pure strategy --the players throw
coins to pick the strategy they follow

A game could have many Nash equilibria or none, it players must

follow pure strategies.

Nash theorem:

v'In every n-player game in which every player has finitely many pure
strategies there exists a set of mixed strategies that forms a Nash
equilibrium.
46



Game Theory for Ads

« Advertisers make bids (their moves)

» Advertiser seek attention and volume — prefer
nigher positions

» Engines order ads and price clicks according to
some rules known to all bidders

» The bidders can all keep reacting to each other




Types of Auctions

« First-price sealed-bid
v' Bidders place their bid in a sealed envelope
v" Simultaneously give them to the auctioneer.
v Highest bidder wins, pays his bid.

« Second-price sealed-bid auctions (Vickrey auctions)

v' Bidders place their bid in a sealed envelope
v" Simultaneously give them to the auctioneer.
v" Highest bidder wins, pays price equal to the second highest bid.

« Open Ascending-bid auctions (English auctions)

v Price is steadily raised by the auctioneer
v' Bidders drop out once the price becomes too high.

v" Eventually there is only one bidder who wins the auction at the current price.

« Open Descending-bid auctions (Dutch auctions)

v Price starts at infinity and is steadily lowered by the auctioneer
v' The first bidder to accept the current price, wins
v' Pays the current price.

48



Second Price Auction (Vickrey Auction)

» All buyers submit their bids privately
» Buyer with the highest bid wins; pays the price of
the second highest bic
A K~

$150

$120

$50



Truthfulness (Incentive Compatibility) of Vickrey Auction

« An auction mechanism is truthful, if the dominant strategy for every player is to truthfully
bid their own value.

« Telling the truth is optimal in second-price (Vickrey) auction

- Suppose your value for the item is $100;if you win, your net gain (loss) is $100-price

: i N

- If you bid more than $100 r |
v" You increase your chances of winning at price >$100 ) e N
v" You do not improve your chance of winning for < $100 g ..

- If you bid less than $100 A

v" You reduce your chances of winning at price < $100
v There is no effect on the price you pay if you do win

- Dominant optimal strategy: bid $100

« Key: The price you pay is out of your control
« Vickrey's Nobel Prize due in large part to this result!

50



Vickrey-Clark-Groves (VCG)

» Generalization of Vickrey

. \t/)\/grks for arbitrary number of goods, including allowing combination
ids

» Auction procedure:

v' Collect bids

v" Allocate goods to maximize total social value (goods go to those who claim to value them most) =
maximum weighted matching

v Payments: Each bidder b pays his externality = (max TSV without b'’s participation) —(max TSV for everyone
else when b participates)

v !}EIB: (max TSV for everyone else when b participates) = max weighted matching without b & without b’s
items.

« Incentive compatible (truthful) = all the bidders do best when they bid
their true value i.e. reveal their private information
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VCG Example
8

» Price paid by Alice for her apple does not depena
on her bid

v'Should not bid more than her value —might pay too much!
v'Should not bid less —might not get it!

» Thus VCG leads to truthfulness
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VCG Example

Alice Max matching = 40 - A gets a2, B gets a1

Max matching without Bob = 25

Max matching without Bob, without a1 = 20
- Bob pays 5

Max matching without Alice = 20

Max matching without Alice, without a2 = 20
» Alice pays 0

« Max matching without Alice does not depend on her bids

. lg/lgx matching without Alice and her assigned apple does not depend on her
ids

» Price paid by Alice for her apple does not depend on her bid

v" Should not bid more than her value -might pay too much!
v" Should not bid less —-might not get it!

« Thus VCG leads to truthfulness
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How does the sponsored search auction work

» Search engines

v run keyword auctions to sell available inventory of ad positions

o Advertisers

v submit bids which indicate their willingness-to-pay per click
v for example, bid of $1.75 per click for the keyword "laptop”

 The search engine orders the ads in descending
order

v'Bid is a key determinant of ad position
v Other factors such as CTR are also factored in
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Unigque Features of the Market for Internet Ads

» Bidding takes place continuously
 The search engines effectively sell flows (clicks/hour)
 Not unlike electricity markets unused capacity is wasted

« On the other hand, user utility might be impaired by
excessive advertisement
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"Unit" of Advertisement

« Advertiser's perspective: transaction is a "unit”
v" Pricing model: pay per transaction (CPT/CPA)

 Search engine's perspective: exposure is a "unit" (CPM)

v Pricing model: pay per exposure

 Middle ground: click is a "unit’
v" Pricing model: pay per click (CPC)

« All three pricing models are widely used

» Pay per click dominates sponsored search

56



Generalized First-Price Auctions

» 1997 auction revolution by Overture (then Golo.com, created at
|dealab)

» Pay per-click for a particular keyword

v Initially crazy idea, meant to combat search spam

v' Search engine “destination” that ranks results based on who is willing to pay the most
v With algorithmic search engines out there, who would use it

v Commercial web sites would! (Much better than to depend on ranking!)

o Results

v Links arranged in descending order of bids
v" Pay your bid (First price)

v" Overture became a platform for Yahoo! and MSN--Imperfect mechanism: unstable due to dynamic nature of
the environment

 Problem: GFP is unstable because bids can be adjusted dynamically

57



Example on GFP

« Two slots and three bidders

v" ad in first slot: 200 clicks per hour
v ad in second slot: 100.

« Bidders 1, 2, and 3 have values: $10, $4, and $2
- |f bidder 2 bids $2.01, to make sure he gets a slot
« Bidder 1 will not want to bid more than $2.02

» Bidder 1 gets the toP spot, but then bidder 2 will want to revise his bid
to $2.03 o get the top spot

« Bidder 1 will in turn raise his bid to $2.04, and so on.
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Generalized Second-price Auctions

Generalized Second-Price (GSP) Auctions

2002 GSP implemented by Google

Yahoo!/Overture and others switched to GSP

Two way of generalizing:

< Bid ranking: Order the ads by their bids. Rename ads so ad i ends in position i. Bidder in position | pays bid(i+1).
< Revenue ranking: Order the ads by expected revenue in position i assuming maximum bids, that is by b(i)*ctr(i)

« Rename ads so ad i ends in position i.

+ Bidder in position i pays bid(i+1)*ctr(i+1)/ctr(i)

+ Note that bidder i pays less than bid(i) since bid(i)*ctr(i) > bid(i+1)*ctr(i+1)
« If all CTRs are the same, revenue ranking is the same as bid ranking!

CTR can be estimated for an advertiser based on click history
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GSP Example

« Same example under GSP mechanism with bid ranking
» Two slots and three bidders.

« First slot 200 clicks per hour regardless of ad
 Second slot gets 100 regardless of ad
- Bidders 1, 2, and 3 have values per click of $10, $4, and $2, respectively.

- If all advertisers bid truthfully, then bids are $10, $4, $2.

- Payments for slot one and two are $4 and $2 per click.
- Total payment of bidder 1 is $800 = $1200 pay-off
- Total payment of bidder 2 is $200 = $200 pay-off

. Ihn tfglsdexample truth-telling is an equilibrium because no bidder can benefit by changing
Is bi
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Is GSP a VCG?

» GSP is not VCG -- GSP has no dominant strategies
» Truth-telling is generally not an equilibrium
 With only one slot, VCG and GSP are identical

« With several slots, the mechanisms are different

- GSP charges bidder i the bid of bidder i+1 (In practice + $0.01)
« VCG charges bidder i for his externality
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Truth-telling is not a dominant strategy under GSP

» Proof: Example with three bidders and two slots
« Per click values are $10, $4, and $2
« CTR's are 200 and 199

» (Assume all ads are equally attractive)

° If all bid truthfully bidder 1 bids $10 and pays $4 so his payoff is

- ($10-$4)*200=$1200

- |f bidder 1 bids $3 (and pays $2) his payoff is:

« ($10-$2)*199=$1592>$1200
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Same Example using VCG

Let us compute VCG payments for the example considered before.

« Two slots and three bidders.
« First slot 200 clicks per hour
« Second slot gets 100.
- Bidders 1, 2, and 3 have values per click of $10, $4, and $2, respectively.

The second bidder's payment is $200, as before (externality imposed
on 3 who loses $200 = value for him of the slot he does not get!)

However, the payment of the first advertiser is now $600

- $200 for the externality that he imposes on bidder 3 (by forcing him out of position 2) +

- $400 for the externality that he imposes on bidder 2 (by moving him from position 1 to position 2 and thus
causing him to lose (200-100)=100 clicks per hour).

Note that in this example, revenues under VCG are lower than under
truth telling equilibrium of GSP!
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What do we have?

o GFP is not stable

e Choose between GSP and VCG

« GSP is not truthful
« VCG is truthful and stable but not really used (revenue?)

 Adaptation of VCG

« The higher the bid, the better the position
« The last bidder to get a slot pays same as GSP
» Total payment of bidder in position i under VCG, p(i)
» p() = (a; — @j41)bi1 +p(E + 1)
« qa; is expected number of clicks at position i
« b; is bid of it" highest bidder
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Take-away Messages

« Computational Advertising is a new growing field with lots of
interesting problems.

 Two main types of ads are display ads and textual ads.

« We studied interesting problems in displaying graphic ads and
textual ads.

« Finally, we discussed various auction mechanisms like GFP GSP
VCG and an adaptation of VCG
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Further Reading

?I or_itlhmic Challenges in Online Advertising, Deepak Agrawal and Deepayan Chakrabarti. CIKM 2008
uforia

Computational Advertising course @ Stanford: http://www.stanford.edu/class/msande?239/
Edelman, Ostrovsky, and Schwarz, Internet Advertising and the Generalized Second Price Auction, 2005
Varian, Position Auctions, 2006

Lahaie, Pennock, Saberi, Vohra, Sponsored Search, Chapter 28 in Algorithmic Game Theory, Cambridge
University Press, 2007
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