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Web 1.0 Advertising 

Advertisers paid per “impression” and 
ads were not targeted 



In 1998… 

…Ads became targeted 



Past: 
CPI (Cost Per Impression) 

Now: 

The Charging Model 
Has Also Changed 

CPC (Cost Per Click) 

Typically very low 

Much higher: CPC 
for “ca lemon law” 
is $60 



How should Google decide 
how much to charge? 



http://services.google.com/awp/en_us/breeze/3004832/index.html 

Here’s Exactly How Much Google Charges: 



Generalized Second Price Auction 

Each advertiser j announces a bid bj 

Slot i is assigned to the ith highest 
bidder at a price per click equal to 
the (i+1)st highest bidder’s bid 



Truthful Bidding is Not 
Necessarily an Equilibrium!  

(and therefore also not a dominant strategy) 

Slot 1 

Slot 2 

Slot 3 

Click-Through 
Rate 

Bidder A 

Bidder B 

Bidder C 

True Revenue 
Per Click 

7 

6 

1 

10 

4 

0 

If  each bidder bids their true valuation, then A 
gets Slot 1 and their payoff  is 7*10-6*10=10 



Truthful Bidding is Not 
Necessarily an Equilibrium!  

(and therefore also not a dominant strategy) 

Slot 1 

Slot 2 

Slot 3 

Click-Through 
Rate 

Bidder A 

Bidder B 

Bidder C 

True Revenue 
Per Click 

7 

6 

1 

10 

4 

0 

If  A were to bid 4, then its payoff  would be 
7*4-1*4 = 24, which is higher than 10 



Slot 1 

Slot 2 

Slot 3 

Click-Through 
Rate 

Bidder A 

Bidder B 

Bidder C 

True Revenue 
Per Click 

7 

6 

1 

10 

4 

0 

Bidder A bids 5, B bids 4 and C bids 1 is an 
equilibrium 

Bidder A bids 3, B bids 5 and C bids 1 is 
also an equilibrium (and it’s not socially 
optimal, since it assigns B the highest Slot) 



Is There a Way to Encourage 
Truthful Bidding? 



Second Price Sealed Bid 
Auctions Revisited 

If  bidders values in decreasing order 
were v1, v2, v3, …, vn 

Then bidder 1 would win 

If  bidder 1 were not present, the object 
would go to bidder 2, who values it at v2 

Bidders 2, 3, …, n collectively experience a 
harm of  v2 because bidder 1 is there 



Vickrey-Clarcke-Groves 
Mechanism 

Each individual is charged the harm 
they cause to the rest of  the world 



Assumptions 
We have a set of  buyers and a set of  sellers, 
with an equal number of  each 

Buyer j has valuation of  vij for item of  seller i 

Each buyer will only get one item, they 
know their own valuation but not the 
valuation of  others 

The sellers do not know anybody’s valuations 

Buyers only care about the item they get, not 
about how the goods are allocated to others 



Vickrey-Clarcke-Groves 
Mechanism 

Each individual is charged the harm 
they cause to the rest of  the world 



Slot 1 

Slot 2 

Slot 3 

Bidder A 

Bidder B 

Bidder C 

Valuations 

30,15,16 

20,10,4 

10,5,2 

First assign items to buyers so as to maximize 
total valuation 

What is the harm caused by bidder A’s existence? 

If  bidder A was not there, B would make 10 and C 
would make 5, which improves their combined 
valuation by 13. So A has to pay 13. 



Slot 1 

Slot 2 

Slot 3 

Bidder A 

Bidder B 

Bidder C 

Valuations 

30,15,16 

20,10,4 

10,5,2 

What is the harm caused by bidder B’s 
existence? 3 

What is the harm caused by bidder C’s 
existence? 0 



VCG Mechanism 
M = set of  sellers 

N = set of  buyers 

VM
N = maximum total valuation over all 

possible matchings of  sellers and buyers 

M-i = set of  sellers with seller i removed 

N-j = set of  buyers with buyer j removed 

If  we give item i to seller j, then the best total 
valuation the rest of  the buyers could get is VM-i

N-j 

So they should pay: VM
N-j - VM-i

N-j 



If  items are assigned and prices computed 
according to the VCG procedure, then 
truthfully announcing valuations is a dominant 
strategy for each buyer, and the resulting 
assignment maximizes the total valuation of  
any perfect matching of  slots and advertisers 
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